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DATA SLICER, DATA SLICING METHOD, AND AMPLITUDE EVALUATION VALUE 

SETTING METHOD 

F TF Ji P <^f' THE TN^^T^T^'T'TON 

*.^^r^ r-e»iai-es to a data slicer, a data 
The present xnvention relates to d u 

Slicing method, and an amplitude evaluation value setting method 
and, more particularly, to a data slicer, a data slicing method, 
and an amplitude evaluation value setting method for calculating 
a Slice level that enables to binarize a video signal into a proper 
value. 

T.^nyrr^T,nTmn DF THF TWENTTQN 

AS a method for transmitting data utilizing serial 
transmission, there is a character broadcast system by which 
Character broadcast data are transmitted in vertical blanking 

intervals of video signals. 

There are various Kinds of character broadcast systems that 
employ different superimposition lines upon which character 
broadcast data (character broadcast serial data, are superimposed, 
or transmission clocKs of different frequencies , and various Kinds 
of analog video signals on which the character broadcast ser.al 
data are superimposed are transmitted at present in various 

regions over the world. 

A Character broadcast analog video signal (see S140 in figure 
11 , is a Signal including a horizontal sync signal A that indicates 
start of a horizontal blanKing interval, a color burst signal B 
for color reproduction, a clocK run-in (hereinafter, referred to 
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as CRD signal C that is a reference waveform and employed to set 
a slice level for binari.ing a signal, a framing code signal D 
that indicates the character broadcast type, and a text data signal 
E including character broadcast data to be transmitted. 

1. • 1. el T r-*a 1 evel is set on the basis 
Hereinafter, a period in which the slice level i 

of the CRI signal c is referred to as a CKI detection period, a 
period in which the frame code signal D is received is referred 
to as a framing code period, and a period in which the text data 
signal E is received is referred to as a text data period. 

The data unit of the character broadcast serial data is 
composed of 8 bits, and one bit among these 8 bits is a parity 
bit that is added to detect the presence or absence of decoding 
errors . The character broadcast system employs a method by which 
the presence or absence of decoding errors is checked on the basis 

r^f "1" are included in each unit 
of whether or not an odd number of 1 are xnc 

ri;*i-a of 8 bits which include an 
of decoded data, and accordxngly data ot 

Thus when actual data includes 
odd number of " 1 " are transmitted . Thus , wnen 

n,v.^r- nf "1" the parity bit is set at "l" so that 
only an even number of i / ^ 

each data unit includes an even number of "1". 

When characters that are superimposed upon such an analog 
Video Signal are to be displayed, the received analog video signal 
is initially binarized by a data slicer to extract character 
broadcast data in accordance with a transmission cloC, thereby 
extracting character broadcast serial data. 

Hereinafter, the construction and operation of the 
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figure 10. ==1 icer 500 

•n fiaure 10, the conventional data slxcer 
AS shown m figure ±w/ . 

..... an .0 co.e.e. UO .o. co.e..n, an ^ 
3U0 .npn«ea « a v.aeo s.,na. .n.u. .e™.n. . u 
_a.. ..a.ca. se.a. aa.a a. ^ 

, ci-)n. a CRI detection unit 130 loi y 
video s.gnal S120 , a CRI detection period 

• ,.^1 Q1^2 that indicates a 
detection range signal S132 ^.^^^^ 

* Hiaital video signal S120, a io f 
on the basis of the dxgital .^,,^tes noises from 

• .^er referred to as LPF) 140 that elxmxnatesnox 
(hereinafter, referr ^.aital video signal 

• „ = n c;i20 and outputs a digitax vj. 
the digital video signal S120 an P ^^^^l 

•4- Kin i-hat sets a sm-c; j-^ 

---^^^^rt:~rz-.icni.in.tted 

^""^ elln .riod, a data slicing nnit .0 tnat 

t' digital Video Signal S140, using tne slice level 
""""" : tie ice level calculation unit SIC , and a decoding 
^re converts t.e .inari.ed serial data into parallel 
Circuit 230 that c decoded data S230 

..ta to per^or. a decoding process 

X- ^^-i-a .?iicer 500 through a viaeo » y 
to outside the data slicer 

terminal 190. i on circuit 

^4^- 130 includes a sync separation circ 
The CRI detection unit 13 0 mciu 

. 1 oi3ia and a horizontal 
,31 tnat separates a vertical sync signal S13 

.,„c Signal S131. .ro„ t.e digital ^^-^'^^^^^^^^ ^ 

action range signal ^^^^^.^ line 

• <;132 that indicates a pi:eu'= 

detection range signal S132 tna 
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•^H for a CRI signal C, on the basis 
of the vertical sync sxgnal Sl31a an 



Sl31b. 



n . on tinit 510 includes a falling 
n^r^o level calculation unit oiw 

..tection pulse S151 

ae.ectio„ circuit X5X .na. outputs a fall. 9 

. „» a falling of the digital video signal 
„hen detecting fall g ^^^^^^^^^^ ^^^^^^^ 

CKX detection period, a fre,u y ^ ^^^^ 

calculates the fre,uencv of the d t ^^^^^^^^^ 
...is Of the falling detection pulse - 

aata S15., a frequency evaluation ^^^^ ^ 

.leguency data S152 «ith previously-held freguency 

.J. c for the Character broadcast ^^^^^ J^^^ 

„ evaluation gate Xlned character 

Hai-a S152 corresponding to a pre 
frequency data S152 ,,,l,ation circuit 154 

broadcast syste. are outputted ; and a CRI 

. . nulse corresponding to a falling of the 
that extracts a pulse corr y detection 
,.edeter.ined character broadcast system fro. the fall d 
.ise SISI, and outputs a frequency evaluation puis 

• „r,ni- 510 further includes a 
3iice level ^---^^ cuit 133 that retrieves the »a.i™u„ 

„aKi™u./™ini.u» retrieval circuit ^^^^^^ 

■ values of the amplitude of the digi 

and minimum values and outputs maximum value 

Sl.o during the CKX detection period. o 
retrieval data S133a and minimum value retrieval data , 

. circuit 511 calculating the average 
an average calculation circuit 3 

amplitude Of the digital video signal S140 
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„axi™u. value re«ieval .a.a S.SSa an. .he .ini^un value retrieval 
aata S155., with e»ployin, the frequency evaluation pulse SU4 
as a loaa pulse, ana outputs the calculatea average as slice level 
data S511 to the aata slicing unit 220. 

The aata slicing unit 220 includes a binari.ation circuxt 
221 that per^o^s threshold evaluation using the slice level aata 
S5U (i.e.. aetermines whether the digital viaeo signal S140 .s 
larger or smaller than the slice level aata S511, to hinari.e the 
aigital Viaeo signal S140, and ou.pu.s binari.ea aata S221 to an 
extraction circuit 222, ana an extraction circuit 222 tha. 
extracts character hroaacast serial aata .ro. the binarizea aata 
S221 in ti-aing o* an extraction pulse S162 that is generatea .y 
an extraction pulse generation circuit 1« . and outputs extractea 

serial data S222. 

Hext, the operation of the conventional aata slicer 500 that 
is constructea as aescrihea above will he aescrihea with reference 
to figures. 

^ timing chart that illustrates the operation of the 

the same or corresponaing elements as those in figure 10 are aenotea 
by the same reference numerals. Further, reference character . 
aenotes a horizontal sync signal, B denotes a color burst signal, 
c aenotes a CRX signal, o denotes a framing code signal. E denotes 
a text data signal, ana T31 to T36 aenote times when signals 
incluaea in the aigital video signal S140 vary. 
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..oaacas. seriax data are superimposed is inputted throu,. tne 
Video Signal input terninai UO, tne ./o converter 120 samples 
t.e analog video signal SllO using a sampling cloc. f= (MHz, to 
convert the same into a digital signal, and outputs the digital 
...eo Signal S120 to the CKX detection unit 130 and the .P. 140. 
.hen, the .PP 140 eliminates noises trom the digital video signal 
Sl.o, and outputs a resultant digital video signal S140 to the 

RIO and the data slicing unit 22 0. 
slice level calculation unit 510 and tne 

P.gure 11 shows an example ot the digital video signal S140 that 
is Obtained by ./D-converting the analog video signal SllO and 
eliminating noises there.rom. m this .igure U, blac. dots show 
the digital video signal S120 (S140, which is obtained by sampling 
the analog video signal SllO using the sampling cloc^ fs. 

„ time T31, the digital video signal S120 including a 
horizontal sync signal . and a vertical sync signal is inputted 

1^0 Then, the sync separation circuit 
to the CRI detection unit 130. Then, T^n y 

,1 ci^ia and a horizontal sync 
131 separates a vertical sync signal S131a 

signal S131b from the digital video signal S120. 

Next, the CRI detection range signal generation circuit 132 
Obtains a start position (time .32, and an end position of the 
CKI Signal c on the basis of the vertical sync signal S131a and 
the horizontal sync signal S13 lb, and outputs a C«X detection range 
signal S132 to the fall detection circuit 151 and the 

i^'^ rfnrina the CRI detection 
xaaximum/minimum retrieval circuit 155 during 
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period. . , i-he oeriod while the 

.„.i„, a p^eaete^me. .i-e period .n P 

•^n,l S132 is outputted, the digital viae 
- —.on .an,e ^ ^ sUce 

^"""""d 1„ the Slice level calculation 
...el calculation uni^ 0 ^^^^^^ ^^^^^ 

.nit .10 pe..o.»s a slice lev ^^^^ ^^^^^ ^^^^^^ 

the inputted CRI signal c. of the digital 

..lling detection circuit 151 retrieves .ailing 

. S140 , and the .aximum/minimu,. retrieval 

video signal S140, ^ ^^^^^ ^.^^ 

maximum and minimum values 
retrieves the maximu ^.trieval data S155a and 

Signal S140, and outputs maximum value retrie 

minimum value retrieval data S155b. ^ 
. ,.,3 the falling detection circuit 151 
At time T33, the r falling detection 

, ■ „f the CRI signal c, and outputs a falling d 
first falling of the CRI 9 ^^^^ 

the frequency calculation circuit 
pulse S151 to the , ^^^^ ^^^^^^^ 

evaluation circuit 154. . ^^^^^^ 

isi detects the second fallxng o 
cxrcuxt 151 dete frequency 

^ -hv.^ falling detection pulse S15i 
outputs the falli g 

calculation circuit 152 and calculates the 

T r «. - - ■ - — 

S151 which are detect ea 

.h. frequency evaluation cxrcuxt 153. 
data S152 to the frequen y T„,tion circuit 153 

. data S15, the frequency evaluatxon cxr 
of the frequency data Si , ^^^^^^^ 

determines whether the fallxng that 
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i-n a siqnal that is compliant 
■ circuit 151 corresponds to a signa 
aetectxon cxrcu.t ^^^^^^ ^^^^^^ 

with the predetermxned characte ^^^^^^^^^ 

V, . fallinq due to noises 3.s detectea, 
example, when a falling character 

CO different from the frequency of the ch 
data S152 xs dxfferen nation circuit 153 

and thus the frequency evaluation 
broadcast system, and th compliant with 

■ es that this is frequency data whxch xs not comp 
.etermxnes that ^^^^,^,3, ..^tem. When the frequency 

..epredetermxnedcharacte ,,.,.cter 
data S152 is the frequency of the pr ^ 

freauency evaluatxon cxrcuxt 
broadcast system, t.e tragus ,,,,„atlon 
.he frequency evaluation gate pulse 

,,rcuit XM. ,,,3 p„,3e 

^^^^^^ ,,e 
,,S3, t.e C«X evaluation crcu.t ^^^^^ ^^^^ 

..in, detection pulse SlSl Is a ..e ^^^^^^ ^^^^^^^^^ 

-7 r::::::::: I .e,uency evalu^^n .te 
,...e S153 IS outputtea .s a P ^^^^^^^^^^ ^^^^^^^ 

Character broadcast CKl - 

rerrravera. calculation circuit .11. 
evaluation pulse ^ 

The average calculation cxrcu.t data 
. 1 data S155a and the minimum value retrieval 
.alue — _,„..ion pulse S13. as a 
S155b, with utilising the 

.cad pulse, and calculates the average 1 
c. Then, the average calculation crrcu.t 
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levex aata Here, a slice level SLVXO whic. is set on the 

.asis o. .ne Slice level .a.a S5U is an appropriate slice level 
..at can .e e«ployea v.en t.e fra^in, co.e signal . ana t.e text 
data signal E are binarized after time T35. 

„.en tne digital video signal SUO including the fraBxng 
oode signal o is inputted to tne data slicing unit ..0 at ti.e 
«S, the binarization circuit 221 determines whether the digrtal 

1 ^ni-o "0" or "I", thereby generating 
S511 to binarize the sxgnal xnto 0 

..narized data S221. .hen, the extraction circuit 222 extracts 
Character broadcast serial data .ro. the binari.ed data S221, rn 
accordance with an extraction pulse S162 that is outputted fro. 
the extraction pulse generation circuit 162 , and outputs extracted 
serial data S222 . The decoding circuit 230 converts the extracted 
serial data S222 into parallel data, and obtains a framing code. 

wnen the digital video signal sUO including a text data 
.l,nal . is inputted to the data slicing unit 220 at time «e 

. circuit 221 binarizes the digital video srgnal 

the binarizatxon circuit iii. " 

S140 using the slice level data S5U. to generate binarized data 
S221, liKe in the case including the framing code signal 0. Then, 

extracts character broadcast serial 
the extraction circuit 222 extracts c 

• • Hata S211 in accordance with the extraction 
data from the binarized dataS2ii m 

. extracted serial data S222 to the 

pulse S612, and outputs the extractea 

r-ir-ruit 230 converts the 
decoding circuit 230. The decoding circuit 
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. . .22 into parallel data, then carries out 
".^ Jetypeo.tnecnaraoter.roaacast, 
a decoding process dependn.ng on 

^or-nded data 

■ indicated by the framing code, and outputs 
which IS indicatea DY 

The decoded data that are ou p 

J a disDlay circuit (not 
• -< iQO are transferred to a dispxay 
output terminal 190 are x 

„^ ,ii.5Dlaved as characters, 
shown) , and display inputted from 

However, the analog video signal SllO 

Howeveif 4„^T„de distortion 

■«nal input terminal 110 may include di 
the video signal mpu electric field strength 

^oTav or reduction m eiec-ci:i«- 
resulting from group delay . ^ 

The conventional data siic 
in a transmission system. The c 

^ -i-o the distortion, and 
-. effected by noises due to the ai 
adversely affected y distorted, the 

.cording., w^^n the ^ ^ l^,, calculated . the 

i-he> slice level data 
accuracy of the siic whereby an 

,Uce level calculation unit 510 is lowered, V 

. . slice level data S511 cannot be obtained, 
appropriate sl3.ce lev binarizes the digital 

the binarization circuit 211 brnar 
consequently, tno „, hat the occurrence 

• nal S140 into an incorrect value, so that 
video signal S140 i ^^^^^^ 

„te of decoding errors gets higher 

the binarized data S211. operation 

•„.ff<,r a description vill be giv 
Hereinafter, a a distorted 
• , data slicer 500 in a case where a di 
of the conventional data ^^^^^^^^^ 



the drawings- 



„ of the conventional data slicer 
Figure 12 shows the operation of the 
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. « = i c;iio that is distorted 
or, ^naloq video sxgnal Sliu i^nc* 

^°°^"'''^"^^:: ;t 2in . .... ... s.... 

due to group delay or corresponding 

in figure 12, the same or corr y 

numerals. Reference character 

..,„a. .nc..e. . ..e ^-"^ ^ .... .e 

- - "7 _..r no co.er« 

viaeo signal input termxnal UO, 

•^nai SI 10 into a digxtal sxgnax, 
tne analo, v.eo s.,na s ^^^^^^^^^ 

- -7 - 1 noises from the al^ltal 

...... .0 e - tne. ^ ^^^^^^^^^ ^^^^^^^ 

Video signal S120, and P ^^.^.^^ 
1 level calculation unxt 510 ana v. 

S140 to the slxce level ^.^^^ ^. ^^^^ 

• ,..0 12 shows an example of the axg 

unit 220 . Fxgure 12 distorted analog video 

• Hv A/D-convertxng the dxsrorv 

S140 that is obtained by ^/D ^^^^^^ ^^^^^^ _ 

. , .,,10 and eliminating noises from the 

^^^^^^ durrn. 

Further, reference charact o„tputted, 
• v, -.h the CRI detection range signal S132 IS 

a period xn which the 

.nd cannot be eliminated by the 1" T ..^^nation 

• „al S140 is distorted even when the norse 
video srgnal S140 ^ affected 

TDT? 140 is that. t.nx5 vj.^ 
is performed by the LPF 140 Further, 
noises that cannot be eliminated even bV ^^^^ ^^^^^^ 

■ figure 12 show the digital video sig 
biaclc dots in figure ^^^^ 
Which IS obtained by sampling the analog 
the sampling clock f s . 
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S120 including a 
the digital video sxgnal S12u 
At time T41, the dig inputted 
• nal A and a vertical sync sxgnal xs xnp 
^.orizontal sync sxgnal A reparation circuit 

•4- T:in and then the sync t^^t/ 
tne CRI detection un.t 130, ^^^^^^^^^^ 

the vertical sync signal S13la 

^"rrsisl ..o„ the digital video signal SUO. 
3ync signal sis ^^^^^^ ^^^^^ ^^^^^^ 

" 7^^^^^ an end position o. tne 

...cnit 13a o.ta. « P ^^^^^^^^ ^^^^ ^^^^^^ ^^^^^ ^ 

CKl signal C on - ^ , ...ection range 

horizontal sync signal S131D, 

. the CRI detection period, 

signal S132 during the ,3„eration circuit 132 

^Ue the CKX detection range signa g ,_1 

• fhe CRI detection range signal S132, tn 
is outputting the . ^ 

4 4-^110 calculates a slxce xev« 
calculation unxt 5iu ,.„nal S132 is being 

«hlle the CRI detection range sxgnal 
CRI signal C. Whxlethe falling 

slice level calculatxon unxt 510, 
inputted to the slxce ^.^.^^^ ^.^^^ 

■4- mi retrieves a taxxmy 
detection circuit 151 retr circuit 155 

»nd the maximumMinimum retrieval cir 
signal S140, and the ^.^.^^^ 
retrieves the «aximu,» and .ini»um values 

the falling detection circuit 151 erroneously 
- T43. the . ^^^^^^^ ^^^^^ 

detects a .ailing o. t^e n.s ^ ^^^^^^^ 

^= ^ ^^ril^l rat Le .ne .ailing detection 

detection pulse S151. ^^.^^ ^, 

Circuit 155 erroneously ^^^^ ^ ^ and 
digital video signal S140 as a falling 
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,ene.a.es a *aXX.n, .ejection pnXse SX31 ^^^^^^^^ 
,,en. the frequency calculation c.cu.t 

• ..r^i QIAO on the Dasxa 

■ ™,lses that are detected at time 
falling detection pulses ,,lculated 

J 4-^ Qi S9 On tne Dabx» 
and output frequency data S152. 

H,ta S152, the frequency evaluation 
frequency data detected by the falling 

determines whether the fallings h ar 

•4- mi correspond to a sxgiK*-"- 
...ection circuit " J „ct. «hen 

„lth the predetermined charact ^ ^^^^^^^ 

^« f 5*1 linos of noises ^ ^ 
.he interval between falling ^^^^^^^ ^^^^^ 

.etween fallings of the CRX signal C, 

„ flaure 12, the frequency evaluatio 
suo Shown in figur ^ „ a 

erroneously determines that th , ,,,„.,er 

— ^= """TtVtte f evaluation gate pulse 

..oadcast system, and outputs the fr q ^^^^^ 

S,S3 to the CRX evaluation circuit 13.^ 

.he frequency evaluation gate ^^^^^^ 

...cuit XM erroneously determines that th 

,,51 is a pulse which is compliant with 

evaluation pulse S154. 
,„adcast, and outputs a ^ 

Ihe average caXcuXation circuit ^^^^ 
. 1 data SX55a and the minimum vaXue retrie 
vaXue retrievax data 

• „o the frequency evaXuation puXse SX54 as 
SX55b, using the treq t- ■ in the CRI signai 
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990 as slice level data S511. 
..e.a,e ..e aa.a sX.c.n, un.. aao as ^^^^^ ^^^^^ 

. 3Uce xe.e. S.vU ..a. . se. ^ ^ 
level SLVIO that is set us.ng the CM 

distortion. detected. The 

ti»es and .46, the CM s.,nai C s 

circuit 151 detects the first falling 
falling detection circuit ^^^^^^^ 

, ^ 1-ime T4 5, then detects tne s. 
CRI Signal C at txme detection pulses 

• r at time T46, and outputs falling 

retrieval data S155C ^^^^^ 
„12 the maximum value of the noises c 

' r of the CM signal c, so that the minimum value 

..nimum value of ^^^^^^ ^_ 

.etrieval data S13.. is not u.<lat ^^^^^^^ 

.he minimum value of — ^ J^^^^^ ,_enc, 

- - ,.is of the faumg .etection 

oalculation circuit 1S2 on ^ ^^^^^^^^^ 

^-hiai- are detected at times i* 
" Jthe Character broadcast system, the freguenc, 

oonforming to the ^^^^^^^ 

evaluation pulse S154 is f samples the 

. The average calculation circuit 511 samp 

Circuit 511. -L" •™„™ value retrieval 

n r-.trieval data Sl55a and the mina^um value 
laaximum value retrieval a ^^^^ 

. freauency evaluation pulse S154 a 

data Sl55b using the frequency 
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.se an. caXcu.a.e. ..e average value o. .He a.,i.aX v.aeo s.,na. 
calculated average to ttie a 



data S511. 



•51^* . 1 Sl55b is 

since the minimum value retrieval data 
However, ^^^^^ ^^^^^ ,,,, i3 

.ne minimum value the no.se c ^^^^^ 
3et on tne .asis o. the slice level aat S3. 

■ level, consequently, the oin 
than an appropriate level. ^^^^ ^^^^ 

- 

is lower than the appropriate level, 

...ues. .ccordin,!., when extracted ser.al .a<.a 

, J c:9 9i in accordance wj-*- 
.vtracted from binarized data S221 xn 

extractea ^ , v,^ the decoding circuxt 230, 

-. ^ <l^(iO are decoded by tne 
extraction pulse S162 are 

decoding errors may occur. is performed only 

^v, ioe level calculation xs peri 
Further, as the slxce leve ^« obtained 

-ii^c^ ^ (^\T&1 data are obtaxneu 
m the OKI detection period, improper si leve ^^^^^ 

.. = „f the digital video signal S140 v 

^ ,,„„l.ation Circuit 221 

CRT Signal C. consequently, the Bin 

es the signal into an improper value, where.y the 
hrnar..es the s g ^^^^^^^ ^^^^^^ 

probability of occurrence 

further, when a waveform equalization filter 

t on of the waveform in the transmission system, 
correct distortion of the ^^^^ 

■ „it scale is so large that the circuit scale 
the circuit scaxe 

a.^xr*:>rselv increased, 
slicer is adversely 
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The present invention has for its object to provide a data 
slicer, a data slicing method, and an amplitude evaluation value 
setting method, which can suppresses the occurrence rate ot 
decoding errors even when distortion occurs in a digital video 
Signal due to group delay or reduction in the electric field 
strength in the transmission system. 

Other objects and advantages of the invention will become 
apparent from the detailed description that follows . The detailed 
description and specific embodiments described are provided only 
for illustration since various additions and modifications within 
the spirit and scope of the invention will be apparent to those 
of skill in the art from the detailed description. 

According to a 1st aspect of the present invention, there 
is provided a data slicer comprising: an A/D conversion unit for 
converting an input signal including data which are transmitted 
in serial, into a digital signal, a slice level data calculation 
unit for calculating plural pieces of slice level data for 
binarizing the digital signal, on the basis of the digital signal, 
a binarization unit for binarizing the digital signal using the 
plural pieces of slice level data, to be converted into plural 
binarized signals, an extraction pulse generation unit for 
generating an extraction pulse to be used for extracting the data 
from the binarized signals, an extraction unit for extracting the 
data from the binarized signals in accordance with the extraction 
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pulse, thereby generating plural pieces of serial data, a decoding 
unit for decoding the plural pieces of serial data, thereby 
generating plural pieces of decoded data, and a decoded data 
selection unit for selectively outputting decoded data Including 
no error, from among the plural pieces of decoded data . Therefore, 
a data signal can be blnarized into a correct value using one of 
the plural pieces of the slice level data, and accordingly the 
data can be correctly extracted even when distortion resulting 
from group delay or reduction in electric field strength occurs 
in the data signal, thereby suppressing the occurrence rate of 

decoding errors. 

According to a 2nd aspect of the present invention, in the 
data slicer of the 1st aspect, the input signal is a signal having 
a reference waveform of a predetermined cycle, and this data slicer 
includes, a maximum/minimum retrieval unit for retrieving maximum 
and minimum values of the digital signal, and a reference cycle 
detection unit for determining whether a cycle of the digital 
signal Is the cycle of the reference waveform or not, and the slice 
level data calculation unit calculates the plural pieces of the 
slice level data, on the basis of an average value and an amplitude 
of the digital signal, which are calculated from the maximum and 
minimum values when the reference waveform cycle is detected. 
Therefore, the reference waveform is detected on the basis of the 
cycle of the input signal, whereby the slice level data can be 
obtained by using the detected reference waveform. 
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According to a 3td aspect of the present invention, in the 
data slioer of the 2nd aspect, the slice level data calculation 
unit employs the calculated average value as reference slice level 
data, and calculates upper slice level data by adding an offset 
value that is decided on the basis of the calculated amplitude, 
to the reference slice level data, and lower slice level data by 
subtracting the offset value from the reference slice level data. 
Therefore, the slice level data according to the signal shape can 
be obtained. 

According to a 4th aspect of the present invention, in the 
data slicer of the 1st aspect, the input signal is a signal of 
Character broadcast that is transmitted being superimposed upon 
a vertical blanlcing interval of a video signal. Therefore, the 
signal of character broadcast is binarl.ed, and data included in 
the signal are extracted, whereby the received character broadcast 

signal can be displayed. 

According to a 5th aspect of the present invention, there 
is provided a data slicer comprising, an A/D conversion unit for 
converting an input signal including a reference waveform of a 
predetermined cycle and amplitude, into a digital signal, a 
reference cycle detection unit for determining whether a cycle 
Of the digital signal is the cycle of the reference waveform or 
not, a maximum/minimum retrieval unit for retrieving maximum and 
minimum values of the digital signal, an amplitude evaluation unit 
for determining whether an amplitude of the digital signal, which 
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is calculated from the retrieved maximum and minimum values, is 
the amplitude of the reference vaveform or not, a slice level data 
calculation unit that employs an average value of the digital 
Signal, Which is calculated from the maximum and minimum values 
When detecting the cycle and amplitude of the reference waveform, 
as Slice level data, and a binari.ation unit for binarizing the 
digital Signal into the slice level data, to be converted into 
a binarized signal. Therefore, by detecting the reference 
waveform on the basis of the amplitude, when noises having a cycle 
that is similar to that of the reference waveform are detected 
as the reference waveform, slice level data can be obtained only 
using the detected reference waveform, with excepting the 
amplitude or average value obtained from the noises. 

According to a 6th aspect of the present invention, .n the 
data slicer of the 5th aspect, the maximum/mini«um retrieval unit 
retrieves maximum and minimum values of the digital signal in each 
cycle, and the amplitude evaluation unit determines whether the 
amplitude calculated from the maximum and minimum values in each 
cycle is the amplitude Of the reference waveform or not. Therefore, 
even when the reference waveform is changed, slice level data that 
are appropriate to the signal shape can be obtained on the basxs 
Of the detected amplitude in each cycle and the average value 
thereof . 

According to a 7th aspect of the present invention, in the 
data Slicer of the 5th or 6th aspect, when calculating the average 
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.alcuxation unit carries ou. an avera.in, process .or t.e 
...ouxate. average ana .He siice ieveX .a.a ..a. .as .ee 

on .e .asis o. ..e o.taine. average. 

.e.erence «ave.or™ is c.an,ea. siice ievei data ..at a 
„iate to t.e si.naX s.ape can .e o.taine. on tne 

the average value in each cycle. 

V, oo-r of the present invention, xn the 
According to an 8th aspect of pr 
aata slicer of the 5th aspect, the reference wavefor. and the data 
gnal l.espond to a signal of character broadcast which .s 
Signal corre y blanking interval 

transmitted bein, superimposed upon a vertical .Ian. J 

■ „,l Therefore, the signal of character broadcast 
of a video signal. Theret extracted 

hinarized and then data included in the s.gnal are 
" , ,e,eived signal of character broadcast can 

therefrom, whereby the received 

" ''""'t .o a 9th aspect of the present invention, there 
According to a 9tn aspe 

• an A/D conversion unit tor 

is provided a data slicer comprising: an A/D c 

. . „nal of a predetermined cycle and amplitude, 
converting an input Signal of a pre ^dlaital 

in serial, into a digital 

:;:::n:2r:.i:::::r:".«— 

n • n;,! is the predetermined cycle or not, 
a cycle of the digital signal is the p 

-4- fr^y retrieving maximum and 
3 maximum/minimum retrieval unit for ""^ ^ 

.o. determining whether an amplitude of the digital signal. 
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is calculated from the retrieved maximum and minimum values, is 
the predetermined amplitude or not; a slice level data calculation 
unit for calculating plural pieces of slice level data on the basis 
of an average value and an amplitude of the digital signal, which 
are calculated from the maximum and minimum values at a time when 
the predetermined cycle and amplitude are detected; a binarization 
unit for binarizing the digital signal using the plural pieces 
of slice level data, to be converted into plural binarized signals; 
an extraction pulse generation unit for generating an extraction 
pulse to be used for extracting the data from the binarized signals; 
an extraction unit for extracting the data from the plural 
binarized signals in accordance with the extraction pulse, thereby 
generating plural pieces of serial data; a decoding unit for 
decoding the plural pieces of serial data, thereby generating 
plural pieces of decoded data; a decoded data selection unit for 
detecting an error from the plural pieces of decoded data, and 
selectively outputting one of the decoded data when errors are 
detected from all of the decoded data, or decoded data including 
no error when there are decoded data in which no error is detected; 
an error count unit for counting errors in the data outputted from 
the decoded data selection unit; and a controller for controlling 
the evaluation in the amplitude evaluation unit on the basis of 
the output from the error count unit. Therefore, when a desired 
signal is detected on the basis of the cycle and amplitude of the 
digital signal and thereby noises of a predetermine cycle are 
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detected as the desired signal, slice level data can be obtained 
only on the basis of the desired signal, with excepting the 
amplitude or average value obtained from the noises . Further, as 
plural pieces of slice level data are calculated, the data signal 
can be binarized into a correct value using one of the plural pieces 
of slice level data, whereby even when distortion occurs in the 
data signal due to group delay or reduction in electric field 
strength, the data can be correctly extracted, thereby further 
suppressing the occurrence rate of decoding errors. 

According to a 10th aspect of the present invention, in the 
data slice of the 9th aspect, the input signal includes a reference 
waveform for calculating the slice level data, this data slicer 
includes a reference waveform detection unit for detecting the 
reference waveform, the reference cycle detection unit evaluates 
the cycle of the digital signal in a period when the reference 
waveform is detected, the maximum/minimum retrieval unit 
retrieves the maximum and minimum values of each cycle in the period 
when the reference waveform is detected, and the amplitude 
evaluation unit determines whether the amplitude calculated from 
the maximum and minimum values in each cycle is the predetermined 
amplitude or not. Therefore, the slice level data can be obtained 
on the basis of the reference waveform. 

According to an 11th aspect of the present invention, in 
the data slicer of the 9th aspect, the input signal includes a 
reference waveform for calculating the slice level data, a unit 
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of the data is composed of predetermined bits, this data slicer 
includes: a reference waveform detection unit for detecting the 
reference waveform; a data unit detection unit for outputting a 
data unit detection pulse at intervals of the data unit, on the 
basis of the decoded data, the maximum /minimum retrieval unit 
retrieves the maximum and minimum values in each cycle in a period 
when the reference waveform is detected, while retrieving the 
maximum and minimum values in each data unit on the basis of the 
data unit detection pulse in a period when the decoded data are 
outputted, and the amplitude evaluation unit determines whether 
the amplitude calculated from the maximum and minimum values in 
each cycle or each data unit is the predetermined amplitude or 
not. Therefore, slice level data are calculated using not only 
the reference waveform but also the data signal, whereby even when 
the signal shape of the input signal is changed after the 
calculation of the slice level data on the basis of the reference 
waveform, slice level data according to the signal shape can be 
obtained and thus the occurrence rate of decoding errors can be 

further suppressed. 

According to a 12th aspect of the present invention, in the 
data slicer of the 10th or 11th aspect, the slice level data 
calculation unit employs the average value as reference slice 
level data, decides an offset value on the basis of the amplitude 
calculated by the amplitude calculation unit, and calculates upper 
slice level data by adding the offset value to the reference slice 
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level data and lower slice level data by subtracting the offset 
value from the reference slice level data. Therefore, slice level 
data according to the signal shape can be obtained. 

According to a 13th aspect of the present invention, in the 
data slicer of the 12th aspect, when calculating the average value 
from the maximum and minimum values, the slice level data 
calculation unit carries out an averaging process for the 
calculated average value and the reference slice level data that 
has been calculated in a previous cycle, and updates the reference 
slice level data on the basis of the obtained average value. 
Therefore, even when the reference waveform is changed, slice 
level data that is appropriate to the signal shape can be obtained. 

According to a 14th aspect of the present invention, in the 
data slicer of the 12th or 13th aspect, when the predetermine cycle 
and amplitude are detected, the slice level data calculation unit 
carries out an averaging process for the predetermined amplitude 
and an amplitude of the previous cycle, and decides the offset 
value on the basis of the obtained average amplitude. Therefore, 
even when the reference waveform is changed, slice level data that 
is appropriate to the signal shape can be obtained. 

According to a 15th aspect of the present invention, in the 
data slicer of the 9th aspect, the input signal is a signal of 
character broadcast that is transmitted being superimposed upon 
a vertical blanking interval of a video signal. Therefore, the 
signal of character broadcast is binarized and then data included 
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in the signal are extracted, whereby the received character 
broadcast signal can be displayed. 

According to a 16th aspect of the present invention, there 
is provided a data slicing method for binarizing an input signal 
of a predetermined cycle using slice level data that are calculated 
on the basis of the input signal, and extracting data included 
in the input signal, comprising: an A/D conversion step of 
converting the input signal that is transmitted in serial, into 
a digital signal; a reference cycle detection step of determining 
whether a cycle of the digital signal is the predetermined cycle 
or not; a maximum/minimum retrieval step of retrieving maximum 
and minimum values of- the digital signal; a slice level data 
calculation step of calculating plural pieces of slice level data 
on the basis of an average value and an amplitude of the digital 
signal, which are calculated from the maximum and minimum values 
at a time when the predetermined cycle is detected; a binarization 
step of converting the digital signal into plural binarized 
signals using the plural pieces of slice level data; a data 
extraction step of extracting data in accordance with an 
extraction pulse for extracting data from the binarized signals, 
thereby generating plural pieces of serial data; a decoding step 
of decoding the plural pieces of serial data, thereby generating 
plural pieces of decoded data; and a decoded data selection step 
of determining the presence or absence of errors in the decoded 
data, and selectively outputting decoded data including no error. 
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Therefore, the data signal can be binarized into a correct value 
using one of the plural pieces of slice level data, whereby the 
data are correctly extracted even when signal distortion occurs 
in the data signal due to group delay or reduction in electric 
field strength, thereby suppressing the occurrence rate of 

decoding errors. 

According to a 17th aspect of the present invention, there 
is provide a data slicing method for binarizing an input signal 
of a predetermined cycle and amplitude using slice level data which 
are calculated on the basis of the input signal, and extracting 
data included in the input signal, comprising: an A/D conversion 
step of converting the input signal that is transmitted in serial, 
into a digital signal; a reference cycle detection step of 
determining whether a cycle of the digital signal is the 
predetermined cycle or not; a maximum/minimum retrieval step of 
retrieving maximum and minimum values of the digital signal; an 
amplitude evaluation step of determining whether an amplitude of 
the digital signal, which is calculated from the retrieved maximum 
and minimum values is the predetermined amplitude or not; a slice 
level data calculation step of calculating plural pieces of slice 
level data on the basis of an average value and an amplitude of 
the digital signal, which are calculated from the maximum and 
minimum values at a time when the predetermined cycle and amplitude 
are detected; a binarization step of converting the digital signal 
into plural binarized signals using the plural pieces of slice 
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level data; a data extraction step of extracting data from the 
plural binarized signals in accordance with an extraction pulse 
for extracting data, thereby generating plural pieces of serial 
data; a decoding step of decoding the plural pieces of serial data, 
thereby generating plural pieces of decoded data; a decoded data 
selection step of detecting errors in the plural pieces of decoded 
data, and selectively outputting one of the decoded data when 
errors are detected from all of the decoded data, or decoded data 
including no error when there are decoded data in which no error 
is detected; and an amplitude evaluation control step of counting 
errors in the decoded data selected in the decoded data selection 
step, and controlling the evaluation in the amplitude evaluation 
step on the basis of the number of errors. Therefore, when a 
desired signal is detected on the basis of the amplitude of the 
digital signal and thereby noises of a predetermined cycle are 
detected as the desired signal, the slice level data can be obtained 
on the basis of only the desired signal, with excepting the 
amplitude or average value obtained from the noises . Further, as 
plural pieces of slice level data are calculated, the data signal 
can be binarized into a correct value using one of the plural pieces 
of slice level data, whereby even when signal distortion occurs 
in the data signal due to group delay or reduction in electric 
field strength, the data can be extracted correctly, and thus the 
occurrence rate of decoding errors can be further suppressed. 

According to a 18th aspect of the present invention, in the 
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data slicing method of the 16th or 17th aspect, in the slice level 
data calculation step, the average value is employed as reference 
slice level data, an offset value is decided on the basis of the 
amplitude, then upper slice level data is calculated by adding 
the offset value to the reference slice level data, and lower slice 
level data is calculated by subtracting the offset value from the 
reference slice level data . Therefore, slice level data according 
to the signal shape can be obtained. 

According to a 19th aspect of the present invention, there 
is provided an amplitude evaluation value setting method 
comprising: a start value setting step of setting a start value 
at an amplitude evaluation value for determining whether an. input 
signal including data which are transmitted in serial is a desired 
signal or not; a signal detection step of evaluating an amplitude 
of the input signal on the basis of the amplitude evaluation value 
in a predetermined period, thereby detecting the desired signal; 
a slice level data calculation step of, when detecting the desired 
signal, calculating slice level data for binarizing the input 
signal, on the basis of the detected desired signal; a binarization 
step of binarizing the input signal using the slice level data, 
to be converted into a binarized signal ; a decoding step of decoding 
serial data which are extracted from the binarized signal, thereby 
generating decoded data; an error count step of counting errors 
in the decoded data, and storing the amplitude evaluation value 
and the number of errors; an amplitude evaluation value update 
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step of binarizing and decoding the input signal and counting 
errors in the decoded data during a predetermined period, 
thereafter subjecting the amplitude evaluation value to an 
arithmetic process using a predetermined step value, so as to 
approach an end value, and updating the amplitude evaluation 
value; and an amplitude evaluation value selection step of 
selecting an amplitude evaluation value that minimizes the number 
of errors as an optimum amplitude evaluation value, on the basis 
of the numbers of errors at various amplitude evaluation values, 
which are obtained by changing the amplitude evaluation value in 
the predetermined step value from the start value to the end value. 
Therefore, the amplitude evaluation value is changed to a value 
that is appropriate to the shape of the digital signal, whereby 
a desired signal can be detected using the amplitude evaluation 
value that is appropriate to the signal shape, to calculate the 
slice level data, and accordingly the occurrence of decoding 
errors can be suppressed even when the distortion of the digital 
signal is changed, 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram illustrating a construction of 
a data slicer according to a first embodiment of the present 
invention. 

Figure 2 is a timing chart showing an operation of the data 
slicer according to the first embodiment in a case where an 
attenuated signal is inputted thereto. 
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Figure 3 is a block diagram illustrating a construction of 
a data slicer according to a second embodiment of the present 
invention. 

Figure 4 is a timing chart showing an operation of the data 
slicer according to the second embodiment in a case where an 
attenuated signal is inputted thereto. 

Figure 5 is a block diagram illustrating a construction of 
a data slicer according to a third embodiment of the present 
invention. 

Figure 6 is a diagram showing the relationship between the 
CRI amplitude evaluation value and the number of errors, which 
are used for setting a CRI amplitude evaluation value. 

Figure 7 is a timing chart showing an operation of the data 
slicer according to the third embodiment in a case where an 
attenuated signal is inputted thereto. 

Figure 8 is a flowchart for explaining a method by which 
a CRI amplitude evaluation value is set in the data slicer according 
to the third embodiment. 

Figure 9 is a block diagram illustrating a construction of 
a data slicer according to a fourth embodiment of the present 
invention. 

Figure 10 is a block diagram illustrating a construction 
of a conventional data slicer. 

Figure 11 is a timing chart showing an operation of the 
conventional data slicer in a case where a normal signal is inputted 
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thereto . 

Figure 12 is a timing chart showing an operation of the 
conventional data slicer in a case where an attenuated signal is 
inputted thereto. 

nBTATT.KD pT^grPTPTTO M OF THE PBEFKRRKD FlMPOPTMF . NTg 

Hereinafter, embodiments of the present invention will be 
described with reference to the drawings . The embodiments shown 
here are only exemplary, and the present invention is not 
restricted to these embodiments. 
[Embodiment 1] 

A data slicer according to a first embodiment of the present 
invention will be described with reference to the drawings. 

Figure 1 is a block diagram illustrating a construction of 
the data slicer according to the first embodiment. 

As shown in figure 1, the data slicer 100 according to the 
first embodiment includes an A/D converter 120 that converts an 
analog video signal SI 10 inputted through a video signal input 
terminal 110, upon which character broadcast serial data are 
superimposed, into a digital video signal S120; a CRI detection 
unit 130 that outputs a CRI detection range signal S132 indicating 
a clock run-in (hereinafter, referred to as CRI) detection period, 
on the basis of the digital video signal S120; a low-pass filter 
(hereinafter, referred to as LPF) 140 that eliminates noises from 
the digital video signal S12 0, and outputs a digital video signal 
S140; a slice level calculation unit 150 that calculates a slice 
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level and a slice level offset on the basis of the CRI signal 
and sets a reference slice level, and upper and lower slice levels 
which are obtained by providing the offset in the reference slice 
level; a data slicing unit 160 that binarizes the digital video 
signal S14 0 using the respective slice levels that are set by the 
slice level calculation unit 150; a decoding circuit 170 that 
converts respective binarized serial data into parallel data, and 
carries out a decoding process such as error correction depending 
on the type of character broadcast; and a data selection unit 180 
that selects data including no error from the respective decoded 
data, and outputs the selected data through a video signal output 
terminal 190. 

The CRI detection unit 130 includes a sync separation circuit 
131 that separates a vertical sync signal S131a and a horizontal 
sync signal Sl31b from the digital video signal S120; and a CRI 
detection range signal generation circuit 132 that outputs a CRI 
detection range signal 5132 indicating a predetermined line and 
position as a detection period of the CRI signal C, on the basis 
of the vertical sync signal S131a and the horizontal sync signal 
S131b. 

The slice level calculation unit 150 includes a falling 
detection circuit 151 that outputs a falling detection pulse S151 
when detecting a falling of the digital video signal S140 in the 
CRI detection period; a frequency calculation circuit 152 that 
calculates the frequency of the digital video signal S140 from 
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the falling detection pulse S151, and outputs frequency data S152; 
a frequency evaluation circuit 153 that compares the frequency 
data SI 52 with previously-held frequency data of a CRI signal C 
for the character broadcast system^ and outputs a frequency 
evaluation gate pulse S153 during a period in which the frequency 
data S152 that conforms to a predetermined character broadcast 
system are outputted; and a CRI evaluation circuit 154 that 
extracts a pulse corresponding to a falling of a predetermined 
character broadcast system from the falling detection pulse S151, 
and outputs a frequency evaluation pulse S154. The slice level 
calculation unit 150 further includes a maximum/minimum retrieval 
circuit 155 that retrieves the maximum and minimum amplitudes of 
the digital video signal S14 0 in the CRI detection period, and 
outputs maximum value retrieval data SI 55a and minimum value 
retrieval data S155b; an average/amplitude calculation circuit 
156 that calculates an amplitude of the digital video signal S140 
and an average value of the amplitude from the maximum value 
retrieval data S155a and the minimum value retrieval data S155b, 
using the frequency evaluation pulse 5154 as a load pulse, and 
outputs the average value as reference slice level data S156a and 
the amplitude as amplitude detection data S156; and a slice level 
offset value calculation circuit 157 that calculates an offset 
value from the amplitude detection data S156b, and calculates 
upper slice level data Sl57a and lower slice level data S157b that 
are obtained by providing the offset in the reference slice level 
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data S156a. 

The data slicing unit 160 includes a binarization circuit 
161 that performs threshold evaluation using the upper slice level 
data S157a, the reference slice level data S156a, and the lower 
slice level data Sl57b, respectively, to binarize the digital 
video signal S140, and outputs binarized data S161a to Sl61c to 
an extraction circuit 163; and an extraction circuit 163 that 
extracts character broadcast serial data from the respective 
binarized data S161a to S161c in timing of an extraction pulse 
S162 that is generated by an extraction pulse generation circuit 
162, and outputs extracted serial data S163a to S163c. 

The data selection unit 180 includes an error detection 
circuit 181 that determines whether decoded data S170a to SlVOc 
that are outputted from the decoding circuit 170 include decoding 
errors or not, and outputs a decoded data selection signal Si 81 
that indicates decoded data including no decoding error; and a 
decoded data selection circuit 182 that selects the decoded data 
including no decoding error from the decoded data Si 70a to Si 70c, 
in accordance with the decoded data selection signal S181, and 
outputs final decoded data S182 to outside the apparatus, through 
a video signal output terminal 190. 

Next, the operation of the data slicer 100 that is 
constructed as described above will be described with reference 
to the drawings . 

Figure 2 is a timing chart showing an operation of the data 
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slicer 100 in a case where an analog video signal SI 10 that is 
distorted due to group delay or reduction in electric field 
strength is inputted thereto. In figure 2, the same or 
corresponding elements as those in figure 1 are denoted by the 
same reference numerals. Reference character A denotes a 
horizontal sync signal, B denotes a color burst signal, C denotes 
a CRI signal, D denotes a framing code signal, E denotes a text 
data signal, and Tl to T8 denote times when the signals included 
in the digital video signal S140 vary. 

When an analog video signal SllO upon which character 
broadcast serial data are superimposed is inputted through the 
video signal input terminal 110, the A/D converter 120 samples 
the analog video signal SllO using a sampling clock fs (MHz) to 
convert the same into a digital signal. For example, an operation 
clock of the data slicer 100 is used as the sampling clock f s . 
. The digital video signal S120 that is obtained by the A/D converter 
120 is outputted to the CRI detection unit 130 and the LPF 140. 
Then, the LPF 140 eliminates noises from the digital video signal 
S120, and outputs a digital video signal S140 to the slice level 
calculation unit 150 and the data slicing unit 160 . Figure 2 shows 
an example of the digital video signal S140 that is obtained by 
A/D-converting the distorted analog video signal SllO, and 
eliminating noises from the converted signal. Reference 
character C denotes noises that occur during a period in which 
the CRI detection range signal S132 is outputted, and cannot be 
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eliminated by the LPF 140 . The reason why the digital video signal 
S140 is distorted even when the LPF 140 performs the noise 
elimination is that the signal is affected by noises that cannot 
be eliminated even by the LPF 140. In this figure 2, black dots 
show the digital video signal S120 (S140) that is obtained by 
sampling the analog video signal SllO using the sampling clock 
fs. 

Since the digital video signal S12 0 including a horizontal 
sync signal A and a vertical sync signal is inputted to the CRI 
detection unit 13 0 at time Tl, the sync separation circuit 131 
separates a vertical sync signal S131a and a horizontal sync signal 
Sl31b from the digital video signal S120. 

Next, the CRI detection range signal generation circuit 132 
obtains a start position and an end position of the CRI signal 
C on the basis of the vertical sync signal S131a and the horizontal 
sync signal Sl31b, and outputs a CRI detection range signal S132 
to the falling detection circuit 131 and the maximum/minimum 
retrieval circuit 133 in a CRI detection period. Here, the CRI 
detection range signal generation circuit 132 may output the CRI 
detection range signal S132 continuously from a predetermined time 
(time T2) before the start of the CRI signal C to a predetermined 
time after the end of the CRI signal C, as shown in figure 2. 

During a predetermined period in the period while the CRI 
detection range signal S132 is outputted, the digital video signal 
S140 including the CRI signal C is inputted to the slice level 
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calculation unit 150, and then the slice level calculation unit 
150 performs calculation of a slice level on the basis of the 
inputted CRI signal C. In order to calculate the slice level, the 
falling detection circuit 151 retrieves fallings of the digital 
video signal S140, and the maximum/minimum retrieval circuit 155 
retrieves the maximum and minimum values of the digital video 
signal S140, and outputs maximum value retrieval data S155a and 
minimum value retrieval data S155b. 

At time T3, the falling detection circuit 151 erroneously 
detects a falling of the noises C in the digital video signal 
S140 as a falling of the CRI signal C, and generates a falling 
detection pulse S151. Also at time T4 , the falling detection 
circuit 151 erroneously detects a falling of the noises C as a 
falling of the CRI signal C, and generates the falling detection 
pulse S151. 

Then, the frequency calculation circuit 152 calculates the 
frequency of the digital video signal S140 on the basis of the 
falling detection pulses S151 that are detected at times T3 and 
T4 , and outputs frequency data S152 . On the basis of the frequency 
data S152, the frequency evaluation circuit 153 determines whether 
the fallings that are detected by the falling detection circuit 
151 correspond to a signal that is compliant with the predetermined 
character broadcast system or not. When the interval between 
fallings of the noises C is equal to the interval between fallings 
of the CRI signal C, like in the digital video signal S140 shown 
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in figure 2, the frequency evaluation circuit 153 erroneously 
determines that the frequency of the noises C is a frequency that 
conforms to the predetermined character broadcast system, and 
outputs a frequency evaluation gate pulse S153 to the CRI 
evaluation circuit 154. 

Then, on the basis of the frequency evaluation gate pulse 
S153, the CRI evaluation circuit 154 determines whether the 
falling detection pulse S151 is a pulse that is compliant with 
the character broadcast system or not. Since the interval between 
fallings of the noises C is equal to the interval between fallings 
of the CRI signal C in this case, the CRI evaluation circuit 154 
erroneously determines that the falling detection pulse S151 is 
a pulse conforming to the character broadcast, and outputs a 
frequency evaluation pulse S154 to the average/amplitude 
calculation circuit 156. 

The average/amplitude calculation circuit 156 samples the 
maximum value retrieval data Sl55a and the minimum value retrieval 
data S155b, using the frequency evaluation pulse S154 as a load 
pulse, and calculates the average value and the amplitude of the 
digital video signal S140. Then, the average /amplitude 
calculation circuit 156 outputs the calculated average value as 
reference slice level data S156a to the slice level offset value 
calculation circuit 157 and the data slicing unit 160, and outputs 
the amplitudes as amplitude detection data S156b to the slice level 
offset value calculation circuit 157. 
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When slight phase shift or level offset occurs in the 
vicinity of a change point at which the digital video signal S140 
changes from "0" to "1" , the binarization circuit 161 may binarize 
the signal into an improper value. To avoid this, the data slicer 
100 according to the first embodiment binarizes the digital video 
signal 140, also using slice level data which are obtained by 
providing an offset on the upper and lower sides of the reference 
slice level data S156a, respectively. The offset is an amplitude 
having a predetermined ratio to the amplitude of the CRI signal 
C. For example, the ratio is set at 20% of the amplitude. The 
slice level offset value calculation circuit 157 obtains an offset 
value on the basis of the predetermined ratio and the amplitude 
detection data Sl56b. Then, the slice level offset value 
calculation circuit 157 outputs upper slice level data S157a that 
is obtained by adding the obtained offset value to the reference 
slice level data Sl56a and lower slice level data Sl57b that is 
obtained by subtracting the offset value from the reference slice 
level data Sl56a. As shown in figure 2, a slice level SLV2 that 
is set on the basis of the reference slice level data Sl56a 
calculated using the noises C, a slice level SLVl that is set 
on the basis of the upper slice level data Sl57a, and a slice level 
SLV3 that is set on the basis of the lower slice level data S157b 
are lower level than an optimum slice level that is set using the 
CRI signal C, and accordingly, these slice levels cannot be used 
for binarization of the digital video signal S140 . Here, when the 
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digital video signal S140 includes no distortion and no falling 
of the noises C is detected at times T3 and T4, the above-mentioned 
processing at times T3 and T4 is not carried out, and the operation 
proceeds to processing at time T5, which will be now described. 

At times T5 and T6, the CRI signal C is detected. The falling 
detection circuit 151 detects the first falling of the CRI signal 
C at time T5, then detects the second falling of the CRI signal 
C at time T6 , and outputs falling detection pulses S151. While 
the maximum/minimum retrieval circuit 155 continuously performs 
the retrieval of the maximum and minimum values of the digital 
video signal S140 from time 12, but since the minimum value of 
the noises C is smaller than the minimum value of the CRI signal 
in the digital video signal S140 as shown in figure 2, the minimum 
value retrieval data SI 55b is not updated by the CRI signal C, 
but the minimum value of the noises C is continuously outputted. 

The frequency that is calculated by the frequency 
calculation circuit 152 on the basis of the falling detection 
pulses S151 which are detected at times T5 and T6 is a frequency 
that is compliant with the character broadcast system. Therefore, 
the CRI evaluation circuit 154 outputs a generated frequency 
evaluation pulse S154 to the average /amplitude calculation 
circuit 156. The average /amplitude calculation circuit 156 
samples the maximum value retrieval data S155a and the minimum 
value retrieval data S155b, using the frequency evaluation pulse 
S154 as a load pulse, and calculates the average value and the 
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amplitude of the digital video signal S14 0. Then^ the 
average/amplitude calculation circuit 156 outputs the calculated 
average value to the slice level offset value calculation circuit 
157 and the data slicing unit 160 as reference slice level data 
S156a, and outputs the calculated amplitude to the slice level 
offset value calculation circuit 157 as amplitude detection data 
S156b. The slice level offset value calculation circuit 157 
calculates an offset value from the amplitude detection data S156b, 
and outputs upper slice level data S157a that is obtained by adding 
the calculated offset value to the reference slice level data S156a^ 
and lower slice level data S157b that is obtained by subtracting 
the offset value from the reference slice level data Sl56a. Here, 
the minimum value retrieval data Si 55b is the minimum value of 
the noises C , and thus a slice level SLV5 that is set on the basis 
of the calculated reference slice level data S156a is lower than 
an optimum slice level. However, since the offsets are provided, 
one of the slice level SLV4 that is set on the basis of the upper 
slice level data Sl57a and the slice level SLV6 that is set on 
the basis of the lower slice level data S157b is an appropriate 
slice level that can be employed to binarize the framing code signal 
D and the text data signal E after time T7. 

When the digital video signal S140 including the framing 
code signal D is inputted to the data slicing unit 160 at time 
T7, the binarization circuit 161 determines whether the digital 
video signal S140 is higher or lower than the upper slice level 



data S157a to binarize the signal into "0" or "1", thereby 
generating binarized data Sl61a. Similarly, the binarization 
circuit 161 binarizes the digital video signal S140 on the basis 
of the reference slice level data S156a, thereby generating 
binarized data S161b, and binarizes the digital video signal S140 
on the basis of the lower slice level data S157b, thereby generating 
binarized data Sl61c. Further, the extraction pulse generation 
circuit 1 62 generates an extraction pulse S162 that is employed 
as a sampling clock when character broadcast data are extracted 
from the respective binarized data Sl61a to S161c. Here, it is 
only required that the extraction pulse S162 have the same cycle 
as the transmission clock for the character broadcast signal. 
Then, the extraction circuit 163 extracts character broadcast 
serial data from the binarized data SI 6 la in accordance with the 
extraction pulse S162, and outputs extracted serial data S163a. 
Similarly, the extraction circuit 163 extracts character 
broadcast serial data from the binarized data SI 6 lb in accordance 
with the extraction pulse S162, and outputs extracted serial data 
S163b, while extracting character broadcast serial data from the 
binarized data S161c in accordance with the extraction pulse SI 62 
and outputting extracted serial data S163c . The decoding circuit 
170 converts the extracted serial data Sl63a to S163c into parallel 
data, and detects the framing code. 

When the digital video signal S140 including the text data 
signal E is inputted to the data slicing unit 160 at time T8, the 
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binarization circuit 161 binarizes the digital video signal S140 
like in the case including the framing code signal D, using the 
upper slice level data S157a, the reference slice level data S156a, 
and the lower slice level data Sl57b, thereby generating binarized 
data SI 6 la to Si 61c. For example, when a point Pi in the digital 
video signal S140 is binarized using the upper slice level data 
S157a, "0" is obtained as the binarized data S161a. On the other 
hand, when this point Pi is binarized using the reference slice 
level data S156a and the lower slice level data Sl56b, "1" is 
obtained as the binarized data Sl61b and S161c, respectively. In 
a case where data of the point Pi is "0", correct data cannot be 
obtained when this data is binarized only using the reference slice 
level data Sl56a. Even in such cases that the data is binarized 
into an improper value when the reference slice level data Sl56a 
is employed, a correct value can be also obtained by using the 
upper slice level data S157a and the lower slice level data Sl57b. 
Then, the extraction circuit 163 extracts character broadcast 
serial data from the binarized data Si 6 la to Sl61c in accordance 
with the extraction pulse Si 62, and outputs extracted serial data 
S163a to Sl63b to the decoding circuit 170. 

The decoding circuit 17 0 converts the extracted serial data 
S163a to S163C into parallel data, then carries out a decoding 
process depending on the type of character broadcast indicated 
by the framing code, and outputs generated decoded data S170a to 
Sl70c to the data selection unit 180. 
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When the decoded data S170a to S170c are inputted to the 
data selection unit 180, the error detection circuit 181 detects 
the presence or absence of errors in the respective decoded data 
S170a to S170C. More specifically, the error detection circuit 
181 counts "1" in the decoded data S170a for each data unit, and 
determines that the decoded data SI 7 0a includes no decoding error 
when the number of "1" is an odd number of bits. Similarly, the 
error detection circuit 181 determines whether the decoded data 
S170b and S170c include decoding errors or not, on the basis of 
the number of "l" in each data unit. Then, the error detection 
circuit 181 outputs a decoded data selection signal S181 that 
designates decoded data including no decoding error. Here, the 
error detection circuit 181 initially detects the presence or 
absence of decoding errors in the decoded data SI 7 Ob, and outputs 
the decoded data selection signal S181 that designates the decoded 
data SI 7 Ob when the data S17 0b includes no decoding error. When 
the decoded data S17 0b include a decoding error, the error 
detection circuit 181 determines whether the decoded data S170a 
and S170C includes a decoding error or not, and designates data 
including no decoding error. When all of the decoded data S17 0a 
to S170C include decoding errors, the error detection circuit 181 
designates one of these data. The decoded data selection circuit 
18 2 selects data including no decoding error from the decoded data 
S170a to S170C in accordance with the decoded data selection signal 
S181, and outputs final decoded data S182 to outside the data slicer 
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100 through the video signal output terminal 190. 

The decoded data that is outputted from the video signal 
output terminal 190 is transferred to a display circuit (not shown) , 
and displayed as characters • 

As described above^ the data slicer 100 according to the 
first embodiment includes the average/amplitude calculation 
circuit 156 that calculates the amplitude of the CRI signal C and 
the average value, and outputs the average value as the reference 
slice level data S156a and the amplitude as the amplitude level 
data Sl56b; the slice level offset value calculation circuit 157 
that calculates an offset value on the basis of the amplitude level 
data S156b, and calculates upper slice level data S157a by adding 
the calculated offset value to the reference slice level data S156a, 
and lower slice level data Sl57b by subtracting the offset value 
from the reference slice level data Sl56a; the binarization 
circuit 161 that binarizes the digital video signal 8140 using 
reference slice level data Sl56a, the upper slice level data S157a, 
and the lower slice level data S157b; the decoding circuit 170 
that decodes extracted serial data S163a to SI 63c which are 
character broadcast serial data that are extracted from the 
binarized signal Sl61a to S161c; and the decoded data selection 
circuit 182 that selects data including no decoding error from 
the respective decoded data S170a to S170c, and outputs the 
selected data. Therefore, even when the digital video signal 5140 
is distorted due to group delay or reduction in electric field 
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strength, and converted into an erroneous value when this video 
signal is binarized only with the reference slice level data S156a, 
this video signal can be binarized into a correct value using one 
of the slice level data, and the decoded data based on the correct 
binarized data is selectively outputted by the decoded data 
selection circuit 182, whereby the occurrence rate of decoding 
errors can be suppressed. Further, since the digital video signal 
can be binarized into a correct value using one of the plural slice 
level data, there is no need of a waveform equalization filter 
for correcting distortion of the waveform, thereby reducing the 
circuit scale of the data slicer. 
[ Embodiment 2 ] 

A data slicer according to a second embodiment of the present 
invention will be described with reference to the drawings. 

Figure 3 is a block diagram illustrating a construction of 
a data slicer 200 according to the second embodiment. In figure 
3, the same or corresponding elements as shown in figure 1 are 
denoted by the same reference numerals. 

AS shown in figure 3, the data slicer 200 according to the 
second embodiment includes an A/D converter 12 0 that converts an 
analog video signal SllO inputted through a video signal input 
terminal 110, upon which character broadcast serial data are 
superimposed, into a digital video signal S120; a CRI detection 
unit 13 0 that generates a CRI detection range signal S132 
indicating a CRI detection period on the basis of the digital video 
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signal S120; a LPF 140 that eliminates noises of a predetermined 
band from the digital video signal S12 0, and outputs a digital 
video signal S140; a slice level calculation unit 210 that 
determines whether a detected signal is a CRT signal C or not, 
on the basis of the amplitude of the digital video signal S140, 
and sets a slice level using the maximum and minimum values of 
only the CRI signal C; a data slicing unit 220 that binarizes the 
digital video signal S140 using the slice level set by the slice 
level calculation unit 210; and a decoding circuit 230 that 
converts the binarized serial data into parallel data to perform 
decoding, and outputs decoded data S23 0 through a video signal 
output terminal 190. 

The slice level calculation unit 210 includes a falling 
detection circuit 151 that outputs a falling detection pulse S151 
when detecting a falling of the digital video signal S140 during 
a CRI detection period; a frequency calculation circuit 152 that 
calculates the frequency of the digital video signal S140 on the 
basis of the falling detection pulse S151, and outputs frequency 
data S152; a frequency evaluation circuit 153 that outputs a 
frequency evaluation gate pulse S153 during a period when a 
frequency conforming to a predetermined character broadcast 
system is obtained; and a CRI evaluation circuit 211 that outputs 
a frequency evaluation pulse S211a which is obtained by extracting 
a pulse corresponding to a falling of the predetermined character 
broadcast system from the falling detection pulse S151 in 
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accordance with the frequency evaluation gate pulse S153, and an 
amplitude evaluation pulse S211b that is obtained by extracting 
a falling pulse of the character broadcast signal (a falling pulse 
of the CRI signal C) from the falling detection pulse S151 in 
accordance with an amplitude evaluation gate pulse S215 (which 
will be described later). The slice level calculation unit 210 
further includes a maximum/minimum retrieval circuit 212 that 
retrieves the maximum and minimum values of the digital video 
signal S14 0 in the CRI detection period, and outputs maximum value 
retrieval data S212a and minimum value retrieval data S212b; a 
maximum/minimum detection circuit 213 that detects the maximum 
and minimum values of the digital video signal S140 from the maximum 
value retrieval data S212a and the minimum value retrieval data 
S212b, using the frequency evaluation pulse S211a as a load pulse, 
and outputs maximum value detection data S213a and minimum value 
detection data S213b; an average/amplitude calculation circuit 
214 that calculates the amplitude of the digital video signal S140 
and the average value of the amplitude from the maximum value 
detection data S213a and the minimum value detection data S213b, 
using an amplitude evaluation gate pulse S215 that is outputted 
from an amplitude evaluation circuit 215 (which will be described 
later) as a load pulse, and outputs the average value as slice 
level data S214a and the amplitude as amplitude detection data 
S214b; and an amplitude evaluation circuit 215 that determines 
whether the amplitude detection data S214b has an amplitude of 
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the predetermined character broadcast signal or not on the basis 
of a preset CRI amplitude evaluation value^ and outputs an 
amplitude evaluation gate pulse S215 during a period in which the 
data has the amplitude of the CRI signal C. 

Here, the CRI evaluation circuit 211 extracts a pulse 
corresponding to a falling of the predetermined character 
broadcast system from the falling detection pulse S151, in 
accordance with the frequency evaluation gate pulse S153, and 
outputs a frequency evaluation pulse S211a to the maximum/minimum 
retrieval circuit 212 and the maximum/minimum detection circuit 
213. This frequency evaluation pulse S211a is delayed by a delay 
circuit (not shown) by a time period that is required by the 
maximum/minimum detection circuit 213 to detect the maximum value 
retrieval data S212a and the minimum value retrieval data S212b^ 
and then inputted to the maximum/minimum retrieval circuit 212. 
When the amplitude evaluation gate pulse S215 is inputted, the 
CRI evaluation circuit 211 extracts a pulse corresponding to a 
signal having an amplitude of the CRI signal C, from the frequency 
evaluation pulse S211a, in accordance with the amplitude 
evaluation gate pulse S215, and outputs the amplitude evaluation 
pulse S211b- 

The maximum/minimum retrieval circuit 212 retrieves the 
maximum and minimum values of the digital video' signal S140, and 
outputs the maximum value retrieval data S212a and the minimum 
value retrieval data S212b. Then, when the frequency evaluation 
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pulse S211a is inputted, the maximum/minimum retrieval circuit 
212 once resets the maximum value retrieval data S212a and the 
minimum value retrieval data S212b, then retrieves the maximum 
and minimum values in a new period, and outputs maximum value 
retrieval data S212a and minimum value retrieval data S212b. In 
this way, the maximum /minimum retrieval circuit 212 retrieves the 
maximum and minimum values in each period, on the basis of the 
frequency evaluation pulse 821 la. 

The average/amplitude calculation circuit 214 calculates 
the amplitude of the digital video signal S140 and the average 
value of the amplitude on the basis of the maximum value detection 
data S213a and the minimum value detection data S213b, and outputs 
the amplitude to the amplitude evaluation circuit 215 as amplitude 
detection data S214b. Only when the amplitude detection pulse 
S211b is inputted, the average/amplitude calculation circuit 214 
outputs the calculated average value to the binarization unit 220 
as the slice level data S214a. Further, when a new average value 
is calculated from new maximum value detection data 82 13a and 
minimum value detection data 8213b in accordance with the next 
frequency evaluation pulse 82 11a, the average/amplitude 
calculation circuit 214 calculates the average between the new 
average value and the slice level data 82 14a, and updates the slice 
level data 8214a on the basis of the calculated value. 

In the amplitude evaluation circuit 215, a CRI amplitude 
evaluation value is previously set to be used as a judgement 
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criterion at a time when it is judged whether the amplitude 
detection data S214b has the amplitude of the CRI signal C or not. 
The amplitude evaluation circuit 215 determines whether the 
amplitude detection data S214b has the amplitude of the CRI signal 
C or not, using the CRI amplitude evaluation value, and outputs 
an amplitude evaluation gate pulse S215 to the CRI evaluation 
circuit 211 during a period in which the data S214b has the 
amplitude of the CRI signal C. 

The data slicing unit 220 includes a binarization circuit 
221 that performs threshold evaluation using the slice level data 
S214a to binarize the digital video signal S140, and outputs 
binarized data S221 to an extraction circuit 222; and an extraction 
circuit 222 that extracts character broadcast serial data from 
the binarized data S221 in timing of an extraction pulse S162 that 
is generated by an extraction pulse generation circuit 162, and 
outputs extracted serial data S222. 

Hereinafter, the operation of the data slicer 200 that is 
constructed as described above will be described with reference 
to the drawings . 

Figure 4 is a timing chart showing an operation of the data 
slicer 200 in a case where an analog video signal SllO that is 
distorted due to group delay or reduction in electric field 
strength is inputted thereto. In figure 4, the same or 
corresponding elements as those in figure 3 are denoted by the 
same reference numerals. Reference characters Til to T19 denote 
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times when signals included in a digital video signal S140 vary. 

When the analog video signal SI 10 upon which character 
broadcast serial data are superimposed is inputted through the 
video signal input terminal 110, the A/D converter 120 converts 
this signal into a digital signal, and outputs the digital video 
signal S120 to the CRI detection unit 130 and the LPF 140. Then, 
the LPF 140 outputs the digital video signal S140 that is obtained 
by eliminating noises from the digital video signal S120, to the 
slice level calculation unit 210 and the data slicing unit 220. 

At time Til, the digital video signal 8120 including a 
horizontal sync signal A and a vertical sync signal is inputted 
to the CRI detection unit 13 0, and then the sync separation circuit 
131 separates a vertical sync signal S131a and a horizontal sync 
signal S131b from the digital video signal S12 0. 

Then, the CRI detection range signal generation circuit 132 
obtains a start position (time T12) and an end position of the 
CRI signal C on the basis of the vertical sync signal S131a and 
the horizontal sync signal S131b, and outputs a CRI detection range 
signal S132 during a CRI detection period. 

While the CRI detection range signal S132 is inputted, the 
slice level calculation unit 210 performs slice level calculation 
on the basis of the CRI signal C, and accordingly the falling 
detection circuit 151 retrieves a falling of the digital video 
signal S14 0. The maximum/minimum retrieval circuit 212 retrieves 
the maximum and minimum values of the digital video signal 5140, 



and outputs maximum value retrieval data S212a and minimum value 
retrieval data S212b to the maximum /minimum detection circuit 213. 

At times T13 and T14, the falling detection circuit 151 
erroneously detects a falling of noises C in the digital video 
signal S140 as a falling of the CRT signal and generates a falling 
detection pulse S151 . Then, the frequency calculation circuit 152 
calculates the frequency of the digital video signal S14 0 on the 
basis of the falling detection pulses S151 that are detected at 
times T13 and T14, and outputs frequency data S152. On the basis 
of the frequency data S152, the frequency evaluation circuit 153 
erroneously determines that the fallings detected by the falling 
detection circuit 151 correspond to a signal of a predetermined 
character broadcast system, and outputs a frequency evaluation 
gate pulse S153 to the CRI evaluation circuit 211. On the basis 
of the frequency evaluation pulse SI 53, the CRI evaluation circuit 
211 erroneously determines the falling detection pulse S151 is 
a pulse conforming to the character broadcast system, and outputs 
a frequency evaluation pulse S211a to the maximum/minimum 
retrieval circuit 211 and the maximum/minimum detection circuit 
213. 

The maximum/minimum detection circuit 213 samples the 
maximum value retrieval data S212a and the minimum value retrieval 
data S212b which are retrieved in a period from time T13 to time 
T14, using the frequency evaluation pulse S221a as a load pulse, 
thereby to detect the maximum and minimum values of the digital 
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video signal S140, and outputs maximum value detection data S213a 
and minimum value detection data S213b. Further, when the 
frequency evaluation pulse S211a is inputted to the 
maximum/minimum retrieval circuit 212 after the maximum/minimum 
detection circuit 213 samples the maximum value retrieval data 
S212a and the minimum value retrieval data S212b, the 
maximum/minimum retrieval circuit 212 resets, the maximum and 
minimum values retrieved in the period from Tl3 to T14, and 
retrieves maximum and minimum values of the digital video signal 
S140 after time T14. The average/amplitude calculation circuit 
214 calculates the amplitude of the digital video signal S140 from 
the maximum value detection data S213a and the minimum value 
detection data S213b, and outputs the calculated value to the 
amplitude evaluation circuit 215 as amplitude detection data S214b. 
Since an amplitude detection pulse S211b is not yet generated at 
this point of time, slice level data S214a is not outputted. 

Next, the amplitude evaluation circuit 215 determines 
whether the amplitude detection data S214b has the amplitude of 
the CRI signal C or not, using a preset CRI amplitude evaluation 
value. In this case, since the amplitude detection data S214b is 
detected on the basis of the noises C and has a smaller value 
than the amplitude detection data that is detected on the basis 
of the CRI signal C, the amplitude detection data S214b does not 
meet requirements of the CRI amplitude evaluation value. 
Accordingly, the amplitude evaluation circuit 215 determines that 
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the amplitude detection data S214b does not have the amplitude 
of the CRI signal, and does not generate the amplitude evaluation 
gate pulse S215. 

At times T15 and T16, the CRI signal C is detected. The 
falling detection circuit 151 detects the first falling of the 
CRI signal C at time T15, then detects the second falling of the 
CRI signal C at time T16, and outputs falling detection pulses 
S151. Since the frequency that is calculated by the frequency 
calculation circuit 152 on the basis of the falling detection 
pulses S151 is a frequency that conforms to the character broadcast 
system, the frequency evaluation pulse S211a is inputted to the 
maximum/minimum retrieval circuit 212 and the maximum/minimum 
detection circuit 213. 

The maximum/minimum detection circuit 213 samples the 
maximum value retrieval data S212a and the minimum value retrieval 
data S212b which are retrieved in a period from time T15 to time 
T16, using the frequency evaluation pulse S211a as a load pulse, 
thereby to detect the maximum and minimum values of the digital 
video signal S140, and outputs maximum value detection data S213a 
and minimum value detection data S213b. The maximum/minimum 
retrieval circuit 212 resets the maximum value retrieval data 
S212a and the minimum value retrieval data S212b which are 
retrieved in the period from time T15 to time T16, on the basis 
of the frequency evaluation pulse S211a, and retrieves maximum 
and minimum values of the digital video signal S140 after the time 
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T16. The average /amplitude calculation circuit 214 calculates 
the amplitude of the digital video signal on the basis of the 
maximum value detection data S213a and the minimum value detection 
data S213b, and outputs the calculated value to the amplitude 
evaluation circuit 215 as amplitude detection data S214b. 

Since this amplitude detection data S214b has the amplitude 
of the CRI signal C, the amplitude evaluation circuit 215 outputs 
the amplitude evaluation gate pulse S215 to the CRI evaluation 
circuit 211. Then, the CRI evaluation circuit 211 outputs an 
amplitude evaluation pulse S211b that is obtained by extracting 
a pulse of the CRI signal C from the frequency evaluation pulse 
S211a, in accordance with the amplitude evaluation gate pulse S215. 
When the amplitude evaluation pulse S211b is inputted, the 
average/ amplitude calculation circuit 214 outputs the average 
value of the calculated amplitudes of the digital video signal 
S140 to the data slicing unit 220 as slice level data S214a. Here, 
the slice level data S214a is calculated not using the maximum 
value retrieval data and the minimum value retrieval data which 
are detected on the basis of the noises C of the CRI signal, but 
using the maximum value retrieval data S212a and the minimum value 
retrieval data S212b of the CRI signal C. Accordingly, a slice 
level SLV7 that is set on the basis of the slice level data S214a 
is an appropriate level that can be employed to binarize the framing 
code signal D and the text data signal E after time T17. 

At time T17, the falling detection circuit 151 detects the 
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third falling of the CRI signal C, and outputs the falling detection 
pulse S151. As the frequency that is calculated by the frequency 
calculation circuit 152 on the basis of the falling detection 
pulses S151 that are outputted at times T16 and T17 is a frequency 
conforming to the character broadcast system^ the frequency 
evaluation pulse S211a is inputted to the maximum /minimum 
retrieval circuit 212 and the maximum/minimum detection circuit 
213. 

The maximum/minimum detection circuit 213 outputs maximum 
value detection data S213a and minimum value detection data S213b 
using the frequency evaluation pulse S211a as a load pulse, to 
the average/amplitude calculation circuit 214- Then^ the 
maximum/minimum retrieval circuit 212 resets the maximum value 
retrieval data S212a and the minimum value retrieval data 82 12b 
on the basis of the frequency evaluation pulse 82 11a, and retrieves 
maximum and minimum values after time Tl7 . The average/ amplitude 
calculation circuit 214 calculates the amplitude of the digital 
video signal 8140 on the basis of the maximum value detection data 
82 13a and the minimum value detection data 8213b, and outputs the 
calculated value to the amplitude evaluation circuit 215 as 
amplitude detection data 82 14b. 

8ince the amplitude detection data 8214 has the amplitude 
of the CRI signal C, the amplitude evaluation circuit 215 outputs 
the amplitude evaluation gate pulse 8215 to the CRI evaluation 
circuit 211, and the CRI evaluation circuit 211 outputs the 
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amplitude evaluation pulse S211b in accordance with the amplitude 
evaluation gate pulse S215. 

When the amplitude evaluation pulse 52 lib is inputted, the 
average/amplitude calculation circuit 214 calculates the average 
value of the amplitudes of the digital video signal S140. The 
average/ amplitude calculation circuit 214 further calculates the 
average between the average value calculated at time T17 and the 
slice level data calculated at time T16, and updates the slice 
level data S214a on the basis of the calculated value. Here, 
figure 4 shows a case where the maximum and minimum values of the 
digital video signal S140 in the period from time T16 to T17 are 
smaller than the maximum and minimum values in the period from 
time T15 to time T16, and a slice level SLV8 that is set on the 
basis of the slice level data S214a calculated at time T17 is lower 
than the slice level SLV7 . 

At time T18, the falling detection circuit 151 detects the 
fourth falling of the CRI signal C, and outputs the falling 
detection pulse S151. The slice level calculation unit 210 
carries out the same processing as performed at time T17, on the 
basis of the falling detection pulse S151, and the maximum value 
detection data S212a and the minimum value detection data S212b 
which are retrieved by the maximum /minimum retrieval circuit 212, 
and updates the slice level data S214a. 

When the CRI detection range signal S132 ends at time T19, 
the slice level calculation unit 210 finishes the slice level 
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calculation process. Accordingly^ the slice level data S214a at 
time T19 becomes fixed data which will not be changed after time 
T19. Here, when the maximum and minimum values of the digital 
video signal S140 in the period from time T17 to time T18 is lower 
than the maximum and minimum values in the period from time T16 
to time T17 as shown in figure A, a slice level SLV9 that is set 
on the basis of the slice level data S214a calculated at time T18 
is lower than the slice level SLV8 • 

When the digital video signal S140 including a framing code 
signal D is inputted to the data slicing unit 220 at time T19, 
the binarization circuit 211 determines whether the digital video 
signal S14 0 is higher or lower than the slice level data S214a, 
thereby generating binarized data S221. Then, the extraction 
circuit 222 extracts character broadcast serial data from the 
binarized data S221 in accordance with an extraction pulse S162 
that is generated by the extraction pulse generation circuit 162, 
and outputs the extracted serial data S222 to the decoding circuit 
23 0, The decoding circuit 230 converts the extracted serial data 
S222 into parallel data, and detects the framing code. 

When the digital video signal S140 including a text data 
signal E (not shown) is inputted to the data slicing unit 220 after 
the detection of the framing code, the binarization circuit 221 
binarizes the digital video signal S140 using the slice level data 
S214a like in the case including the framing code signal D, to 
generate binarized data S221. Then, the extraction circuit 222 
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extracts character broadcast serial data from the binarized data 
S221 in accordance with an extraction pulse S162, and outputs 
extracted serial data S222 to the decoding circuit 230. The 
decoding circuit 230 converts the extracted serial data S222 into 
parallel data, then performs a decoding process according to the 
type of the character broadcast indicated by the framing code, 
and outputs decoded data S230 to outside the data slicer 200 through 
the video signal output terminal 190. 

As described above, the data slicer 200 according to the 
second embodiment includes the amplitude evaluation circuit 215 
that determines whether the amplitude detection data S214b 
calculated by the average/amplitude calculation circuit 214 has 
the amplitude of the CRI signal C or not, and thus the 
average /amplitude calculation circuit 214 outputs the calculated 
average value as slice level data S214a only when it is determined 
that the amplitude detection data S2 14b has the amplitude of the 
CRI signal C. Therefore, even when noises that occur due to signal 
distortion resulting from group delay or reduction in electric 
field strength in the transmission system are erroneously detected 
as the CRI signal C, it is possible to eliminate the average value 
that is calculated on the basis of the noises, and calculate slice 
level data S214a on the basis of the average value of only the 
CRI signal C. 

Further, even when the noises are erroneously detected as 
the CRI signal, slice level data is not calculated on the basis 
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of the detected noises . Therefore, also in the case of a character 
broadcast signal in which the CRI signal is not superimposed over 
a line in a vertical blanking interval that is defined in the 
standard, like in a teletext system adopted in Europe, the 
calculation of slice level data on the basis of noises can be 
suppressed. 
[Embodiment 3] 

A data slicer and an amplitude evaluation value setting 
method according to a third embodiment of the present invention 
will be described with reference to the drawings. 

Figure 5 is a block diagram illustrating a construction of 
a data slicer 300 according to the third embodiment. In figure 
5, the same or corresponding elements as those in figure 3 are 
denoted by the same reference numerals . 

As shown in figure 5, the data slicer 300 according to the 
third embodiment includes an A/D converter 120 that converts an 
analog video signal SllO inputted through a video signal input 
terminal 110, upon which character broadcast serial data are 
superimposed, into a digital video signal S120; a CRI detection 
unit 13 0 that generates a CRI detection range signal S13 2 
indicating a CRI detection period, on the basis of the digital 
video signal S120; aLPF 140 that eliminates noises from the digital 
video signal S120, and outputs a digital video signal S140; a slice 
level calculation unit 310 that determines whether the detected 
signal is a CRI signal C or not, on the basis of the amplitude 
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of the digital video signal S140^ calculates a slice level and 
an offset of the slice level using the maximum and minimum values 
of only the CRI signal C, and sets a reference slice level, and 
upper and lower slice levels which are obtained by providing the 
offset in the reference slice level; a data slicing unit 160 that 
binarizes the digital video signal S140 using the respective slice 
levels which are set by the slice level calculation unit 310; a 
decoding unit 170 that converts the respective binarized serial 
data into parallel data, and performs a decoding process such as 
error correction according to the type of the character broadcast; 
a data selection unit 320 that selects data including no error 
from respective decoded data, and outputs the selected data 
through a video signal output terminal 190; and an amplitude 
evaluation value setting unit 330 that sets an amplitude 
evaluation value that is employed when the slice level calculation 
unit 310 determines the amplitude of the digital video signal S140, 
on the basis of the number of errors detected by the decoding 
circuit 17 0, and outputs an optimum amplitude evaluation value 
S332 . 

The slice level calculation unit 310 includes a falling 
detection circuit 151 that outputs a falling detection pulse S151 
when detecting a falling of the digital video signal S140 during 
a CRI detection period; a frequency calculation circuit 152 that 
calculates the frequency of the digital video signal S140 on the 
basis of the falling detection pulse S151, and outputs frequency 
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data SI 52; a frequency evaluation circuit 153 that outputs a 
frequency evaluation gate pulse S153 during a period in which a 
frequency that is compliant with a predetermined character 
broadcast system is obtained; and a CRI evaluation circuit 211 
that outputs a frequency evaluation pulse S211a that is obtained 
by extracting a pulse corresponding to a falling of a predetermined 
character broadcast, from the falling detection pulse S151, and 
an amplitude evaluation pulse S211b that is obtained by extracting 
a pulse of character broadcast (CRI signal C) in accordance with 
an amplitude evaluation gate pulse S3 12 (which will be later 
described) . The slice level calculation unit 310 further includes 
a maximum/minimum retrieval circuit 212 that retrieves the maximum 
and minimum values of the digital video signal S140 in the CRI 
detection period, and outputs maximum value retrieval data S212a 
and minimum value retrieval data S212b; a maximum/minimum 
detection circuit 213 that detects the maximum and minimum values 
of the digital video signal S14 0 from the maximum value retrieval 
data S212a and the minimum value retrieval data S212b, using the 
frequency evaluation pulse S211a as a load pulse, and outputs 
maximum value detection data S213a and minimum value detection 
data S213b; an average/amplitude calculation circuit 311 that 
calculates the amplitude of the digital video signal S140 and the 
average amplitude from the maximum value detection data S21a and 
the minimum value detection data S213b, and outputs the average 
value as reference slice level data S3 11a, the amplitude as 
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amplitude detection data S3 lib, and the amplitude of the CRI signal 
C as amplitude level data S3 11c; a slice level offset value 
calculation circuit 157 that calculates an offset value from the 
amplitude level data S3 lie, and calculates upper slice level data 
S157a and lower slice level data S157b that are obtained by 
providing the offset in the reference slice level data S3 11a; and 
an amplitude evaluation circuit 312 that determines whether the 
amplitude detection data S3 lib has the amplitude of a signal of 
a predetermined character broadcast or not, on the basis a preset 
CRI amplitude evaluation value or an optimum amplitude evaluation 
value S332 that is inputted from the amplitude evaluation setting 
unit 33 0, and outputs an amplitude evaluation gate pulse S3 12 
during a period in which the data S311b has the amplitude of the 
CRI signal C. 

Here, the average/amplitude calculation unit 311 calculates 
the amplitude of the digital video signal S140 and the average 
amplitude on the basis of the maximum value detection data S213a 
and the minimum value detection data S213b, and outputs the 
amplitude to the amplitude evaluation circuit 312 as amplitude 
detection data S3 lib. Only when the amplitude evaluation pulse 
S211b is inputted, the average/amplitude calculation unit 311 
outputs the calculated average to the slice level offset value 
calculation circuit 157 and the binarization unit 220 as reference 
slice level data S311a. Further, the average/amplitude 
calculation unit 311 outputs the calculated amplitude to the slice 
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level offset value calculation circuit 157 as amplitude level data 
S3 11c when the amplitude evaluation pulse S211b is inputted 
thereto . 

When the average/ amplitude calculation circuit 311 
calculates a new amplitude and a new average value on the basis 
of new maximum value detection data 82 13a and minimum value 
detection data 3213^ in accordance with the next frequency 
evaluation pulse S211a, the calculation circuit 311 further 
calculates the average between the new average value and the 
reference slice level data S311a, and updates the reference slice 
level data S311a on the basis of the calculated value. Similarly, 
the calculation circuit 311 calculates the average between the 
new amplitude and the amplitude level data S3 11c, and updates the 
amplitude level data S311c on the basis of the calculated value. 

In the amplitude evaluation circuit 312, a CRI amplitude 
evaluation value is previously set to be used as a judgement 
criterion when it is judged whether the amplitude detection data 
S311b has the amplitude of the CRI signal C or not. The amplitude 
evaluation circuit 312 determines whether the amplitude detection 
data S311b has the amplitude of the CRI signal C or not, using 
the CRI amplitude evaluation value, and outputs an amplitude 
evaluation gate pulse S312 to the CRI evaluation circuit 211 during 
a period in which the data S311b has the amplitude of the CRI signal 
C. When the optimum amplitude evaluation value S332 is inputted 
from the amplitude evaluation value setting unit 330, the 
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amplitude evaluation circuit 312 updates the CRI amplitude 
evaluation value on the basis of the optimum amplitude evaluation 
value S332, and evaluates the amplitude of the amplitude detection 
data S3 lib using the updated CRI amplitude evaluation value. 

The data selection unit 3 20 includes an error detection 
circuit 321 that outputs an error detection signal S321b 
indicating whether final decoded data S182 includes a decoding 
error or not, as well as a decoded data selection signal S321a 
that indicates decoded data including no decoding error; and a 
decoded data selection circuit 182 that selects decoded data 
including no error from decoded data S170a to Sl70c in accordance 
with the decoded data selection signal S321a, and outputs the final 
decoded data S182 to outside the data slicer through the video 
signal output terminal 190. 

The amplitude evaluation value setting unit 33 0 includes 
an error count circuit 331 that counts decoding errors which are 
detected in a predetermined period on the basis of the error 
detection signal S321br and generates error count data S331; and 
a controller 33 2 that decides an optimum value for the CRI amplitude 
evaluation value on the basis of the error count data S331, and 
outputs an optimum amplitude evaluation value S332 to the 
amplitude evaluation circuit 312 in the slice level calculation 
unit 310. 

Here, the controller 33 2 holds the relationship between the 
CRI amplitude evaluation value and the error count data in a case 
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where the CRI amplitude evaluation value takes various values. 
Figure 6 shows an example of the relationship between the CRI 
amplitude evaluation value and the error count data. A method for 
obtaining the relationship between the CRI amplitude evaluation 
value and the error count data will be described later. When the 
error count data S331 is inputted, the controller 33 2 detects an 
optimum CRI amplitude evaluation value in a case where the number 
of errors is equal to the error count data S331 on the basis of 
the relationship between the CRI amplitude evaluation value and 
the error count data. Then, the controller 332 outputs the 
detected optimum CRI amplitude evaluation value to the amplitude 
evaluation circuit 312 as the optimum amplitude evaluation value 
S332. 

Next, an operation of the data slicer 3 00 that is constructed 
as described above will be explained with reference to the 
drawings . 

Figure 7 is a timing chart showing an operation of the data 
slicer 300 in a case where an analog video signal SllO that is 
distorted due to group delay or reduction in electric field 
strength is inputted thereto. In figure 7, the same or 
corresponding elements as those shown in figure 5 are denoted by 
the same reference numerals. Further, reference characters T21 
to T2 9 denote times when signals included in the digital video 
signal S14 0 vary. 

When the analog video signal SllO upon which character 
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broadcast serial data are superimposed is inputted through the 
video signal input terminal 110, the A/D converter 120 converts 
the analog video signal SllO into a digital signal, and outputs 
the digital video signal S120 to the CRI detection unit 130 and 
the LPF 140. Then, the LPF 140 eliminates noises from the digital 
video signal S120, and outputs a resultant digital video signal 
S140 to the slice level calculation unit 310 and the data slicing 
unit 160. 

As the digital video signal S120 including a horizontal sync 
signal A and a vertical sync signal is inputted to the CRI detection 
unit 130 at time T21, the sync separation circuit S131 separates 
a vertical sync signal S131a and a horizontal sync signal S131b 
from the digital video signal S120. 

Then, the CRI detection range signal generation circuit 132 
obtains a start position (time T22) and an end position of the 
CRI signal C on the basis of the vertical sync signal S131a and 
the horizontal sync signal S131b, and outputs a CRI detection range 
signal S132 in the CRI detection period. 

As the slice level calculation unit 310 performs a slice 
level calculation process on the basis of the CRI signal C while 
the CRI detection range signal S132 is inputted, the falling 
detection circuit 151 retrieves a falling of the digital video 
signal S140. The maximum/minimum retrieval circuit 212 retrieves 
the maximum and minimum values of the digital video signal S140, 
and outputs maximum value retrieval data S212a and minimum value 
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retrieval data S212b to the maximum/minimum detection circuit 213 • 

At times T23 and T24, the falling detection circuit 151 
erroneously detects a falling of noises C in the digital video 
signal S140 as a falling of the CRI signal and generates a falling 
detection pulse S151 . Then, the frequency calculation circuit 152 
calculates the frequency of the digital video signal S140 on the 
basis of the falling detection pulses S151 that are detected at 
times T23 and T24, and outputs frequency data S152. On the basis 
of the frequency data 5152, the frequency evaluation circuit 153 
determines that the fallings detected by the falling detection 
circuit 151 correspond to a signal that is compliant with a 
predetermined character broadcast system, and outputs a frequency 
evaluation gate pulse S153 to the CRI evaluation circuit 211. On 
the basis of the frequency evaluation gate pulse S153, the CRI 
evaluation circuit 211 determines that the falling detection pulse 
S151 is a pulse that is compliant with the character broadcast 
system, and outputs a frequency evaluation pulse S211a to the 
maximum/minimum retrieval circuit 212 and the maximum/minimum 
detection circuit 213. 

The maximum/minimum detection circuit 213 samples the 
maximum value retrieval data S212a and the minimum value retrieval 
data S212b which are retrieved in a period from time T23 to time 
T24, using the frequency evaluation pulse S211a as a load pulse, 
thereby to detect the maximum and minimum values of the digital 
video signal S140, and outputs maximum value detection data S213a 



-70- 



and minimum value detection data S213b. Further, the 
maximum/minimum retrieval circuit 212 resets the maximum value 
retrieval data S212a and the minimum value retrieval data S212b 
which are retrieved in the period from time T23 to time T24, on 
the basis of the frequency evaluation pulse S211a, and retrieves 
maximum and minimum values of the digital video signal S140 after 
time T24. The average/amplitude calculation circuit 311 
calculates the amplitude of the digital video signal S14 0 on the 
basis of the maximum value detection data S213a and the minimum 
value detection data S213b, and outputs the calculated value to 
the amplitude evaluation circuit 312 as amplitude detection data 
S311b. Since an amplitude detection pulse S211b is not yet 
generated at this point of time, reference slice level data S311a 
or amplitude level data S3 11c are not outputted. 

Then, the amplitude evaluation circuit 312 determines 
whether the amplitude detection data S3 lib has the amplitude of 
the CRI signal C or not, using a preset CRI amplitude evaluation 
value. In this case, as the amplitude detection data S3 lib is 
detected from the noises C and accordingly has a smaller value 
than the amplitude detection data that is detected from the CRI 
signal C, the amplitude detection data S3 lib does not meet 
requirements of the CRI amplitude evaluation value. Thus, the 
amplitude evaluation circuit 312 determines that this amplitude 
detection data S3 lib does not have the amplitude of the CRI signal 
C, and does not generate the amplitude evaluation gate pulse S312. 



-71- 



At times T25 and T26 , the CRI signal C is detected. The 
falling detection circuit 151 detects the first falling of the 
CRI signal C at time T25, then detects the second falling of the 
CRI signal C at time T2 6, and outputs the falling detection pulses 
S151. The frequency calculated by the frequency calculation 
circuit 152 on the basis of the falling detection pulses S151 is 
a frequency that conforms to the character broadcast system, so 
that a frequency evaluation pulse S211a is inputted to the 
maximum/minimum retrieval circuit 212 and the maximum/minimum 
detection circuit 213. 

The maximum/minimum detection circuit 213 samples the 
maximum value retrieval data S212a and the minimum value retrieval 
data S212b which are retrieved in the period from time T25 to time 
T26, using the frequency evaluation pulse S211a as a load pulse, 
thereby to detect the maximum and minimum values of the digital 
video signal S140, and outputs maximum value detection data S213a 
and minimum value detection data S213b. Further, the 
maximum/minimum retrieval circuit 212 resets the maximum value 
retrieval data S212a and the minimum value retrieval data S212b 
which are retrieved in the period from time T25 to time T26, on 
the basis of the frequency evaluation pulse S211a, and retrieves 
maximum and minimum values of the digital video signal S140 after 
time T26. The average/amplitude calculation circuit 311 
calculates the amplitude of the digital video signal from the 
maximum value detection data S213a and the minimum value detection 
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data S213b, and outputs the calculated amplitude to the amplitude 
evaluation circuit 312 as amplitude detection data S3 lib. 

The amplitude evaluation circuit 312 determines that the 
amplitude detection data S3 lib has the amplitude of the CRI signal 
and outputs an amplitude evaluation gate pulse S3 12 to the CRI 
evaluation circuit 211. Then, the CRI evaluation circuit 211 
outputs amplitude evaluation pulses S211b that are obtained by 
extracting pulses of the CRI signal C from the frequency evaluation 
pulse S211a in accordance with the amplitude evaluation gate pulse 
S3 12, to the average/amplitude calculation circuit 311. 

When the amplitude evaluation pulse S211b is inputted, the 
average/amplitude calculation circuit 311 outputs the average 
value of the calculated amplitudes of the digital video signal 
S140 to the slice level offset value calculation circuit 157 and 
the data slicing unit 160, as reference slice level data S311a, 
while outputting the amplitude to the slice level offset value 
calculation circuit 157 as amplitude level data S3 11c. The slice 
level offset value calculation circuit 15 7 calculates an offset 
value from the amplitude level data S3 11c, and outputs upper slice 
level data SI 57a that is obtained by adding the offset value to 
the reference slice level data S3 11a and lower slice level data 
S157b that is obtained by subtracting the offset value from the 
reference slice level data S3 11a. 

At time T27, the falling detection circuit 151 detects the 
third falling of the CRI s ignal C , and outputs the falling detection 
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pulse S151. As the frequency that is calculated by the frequency 
calculation circuit 152 on the basis of the falling detection 
pulses S151 that are outputted at times T26 and T27 is a frequency 
corresponding to the character broadcast system, the frequency 
evaluation pulse S211a is inputted to the maximum/minimum 
retrieval circuit 212 and the maximum/minimum detection circuit 
213. 

The maximum/minimum detection circuit 213 detects maximum 
value detection data S213a and minimum value detection value S213b 
using the frequency evaluation pulse S211a as a load pulse, and 
outputs the detected data S213a and S213b to the average/amplitude 
calculation circuit 311. The maximum/minimum retrieval circuit 
212 resets the maximum value retrieval data S212a and the minimum 
value retrieval data S212b on the basis of the frequency evaluation 
pulse S211a, and retrieves maximum and minimum values after time 
T27. The average/amplitude calculation circuit 311 calculates 
the amplitude of the digital video signal S140 from the maximum 
value detection data S213a and the minimum value detection data 
S213b, and outputs the calculated amplitude to the amplitude 
evaluation circuit 312 as amplitude detection data S3 lib. 

As the amplitude detection data S3 lib has the amplitude of 
the CRI signal C, the amplitude evaluation circuit 312 outputs 
an amplitude evaluation gate pulse S3 12 to the CRI evaluation 
circuit 211, and the CRI evaluation circuit 211 outputs the 
amplitude evaluation pulse S211b in accordance with the amplitude 
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evaluation gate pulse S312. 

When the amplitude evaluation pulse S211b is inputted, the 
average /amplitude calculation circuit 311 calculates the average 
amplitude of the digital video signal S140. The average/amplitude 
calculation circuit 311 further calculates the average value 
between the average value calculated at time T2 7 and the reference 
slice level data calculated at time T26, and updates the reference 
slice level data S311a on the basis of the calculated value. The 
average/amplitude calculation circuit 311 further calculates the 
average value between the amplitude of the digital video signal 
S140 at time T27 and the amplitude level data S311c calculated 
at time T2 6, and updates the amplitude level data S3 11c on the 
basis of the calculated value. Then, the slice level offset value 
calculation circuit 157 calculates upper slice level data S157a 
and lower slice level data S157b on the basis of an offset value 
that is calculated from the amplitude level data S3 11c. 

At time T28, the falling detection circuit 151 detects the 
fourth falling of the CRI signal C, and outputs the falling 
detection pulse S151 . On the basis of the falling detection pulse, 
and the maximum value detection data S212a and the minimum value 
detection data S212b which are retrieved by the maximum/minimum 
retrieval circuit 212, the slice level calculation unit 310 
carries out the same processing as that performed at time T27 and 
outputs reference slice level data S311a, upper slice level data 
S157a, and lower slice level data S157b. 
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When the CRI detection range signal S132 ends at time T29^ 
the slice level calculation unit 310 finishes the slice level 
calculation process. Thus, the reference slice level data S3 11a, 
the upper slice level data S157a, and the lower slice level data 
S157b at time T29 become fixed data which will never be changed 
after that time. 

When the digital video signal S140 including the framing 
code signal D is inputted to the data slicing unit 160 at time 
T29, the binarization circuit 161 binarizes the digital video 
signal S140 using the upper slice level data S157a, the reference 
slice level data S311a, and the lower slice level data S157b, to 
generate binarized data S161a to S161c, respectively. Then, the 
extraction circuit 163 extracts character broadcast serial data 
from the binarized data Sl61a to S161c, in accordance with an 
extraction pulse S162 that is generated by the extraction pulse 
generation circuit 162, and outputs extracted serial data S163a 
to S163c to the decoding circuit 170. The decoding circuit 170 
converts the extracted serial data S163a to SI 63c into parallel 
data, and detects the framing code. 

When the digital video signal S140 including a text data 
signal E is inputted to the data slicing unit 160, the binarization 
circuit 161 binarizes the digital video signal S140 using the upper 
slice level data S157a, the reference slice level data S311a, and 
the lower slice level data S157b, like in the case including the 
framing code signal D, thereby to generate binarized data SI 6 la 
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to S161C, respectively. Then, the extraction circuit 163 extracts 
character broadcast serial data from the binarized data S161a to 
S161C in accordance with the extraction pulse S162, and outputs 
extracted serial data S163a to S163c to the decoding circuit 170. 
Then, the decoding circuit 170 converts the extracted serial data 
S163a to S163C into parallel data, then carries out a decoding 
process according to the type of the character broadcast indicated 
by the framing code, and outputs decoded data Sl70a to S170c to 
the data selection unit 320. 

When the decoded data Sl70a to SI 70c are inputted to the 
data selection unit 320, the error detection circuit 321 detects 
decoding errors from the decoded data Sl70a to.S170c. Then, the 
error detection circuit 321 outputs a decoded data selection 
signal S321a that indicates decoded data including no decoding 
error, among the decoded data S170a to S170c. When all of the 
decoded data S170a to S17 0c include decoding errors, the decoded 
data selection signal S321a indicating one of these decoded data 
is outputted. The decoded data selection circuit 182 selects 
decoded data including no decoding error among the decoded data 
S170a to S170C, in accordance with the decoded data selection 
signal S3 2 la, and outputs the selected data as final decoded data 
5182. The error detection circuit 321 determines whether the 
final decoded data SI 82 has a decoding error or not, and outputs 
an error detection signal S321b to the amplitude evaluation value 
setting unit 330 when the final decoded data has a decoding error. 
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When the error detection signal S3 2 lb is inputted to the 
amplitude evaluation value setting unit 330, the error count 
circuit 331 counts decoding errors in a predetermined period, on 
the basis of the error detection signal S321b. When this period 
expires, the error count circuit 331 outputs error count data S331 
indicating the count of decoding errors to the controller 332 • 
The controller 332 detects an optimum CRI amplitude evaluation 
value in a case where the number of decoding errors is equal to 
the error count data 3331, on the basis of the held relationship 
between the CRI amplitude evaluation value and the error count 
data, and outputs an optimum amplitude evaluation value S332 to 
the slice level calculation unit 310. Then, the amplitude 
evaluation circuit 312 updates the CRI amplitude evaluation value 
in accordance with the optimum amplitude evaluation value S332. 

Next, the method for obtaining the relationship between the 
CRI amplitude evaluation value and the error count data in the 
data slicer 3 00, and the method for optimizing the CRI amplitude 
evaluation value held by the amplitude evaluation circuit 312 will 
be described with reference to a flowchart of figure 8 . 

This CRI amplitude value optimization process is 
implemented when a signal shape is unknown, for example at the 
power-on or at the switching of receiving channels, to set an 
optimum CRI amplitude evaluation value for the signal shape at 
that time. 

Initially, the controller 33 2 sets a predetermined start 
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value of the CRI amplitude value. More specifically, the 
controller 33 2 outputs the start value as an optimum amplitude 
evaluation value S332, and the amplitude evaluation circuit 312 
sets the CRI amplitude evaluation value to the optimum amplitude 
evaluation value S332. In this case, a description will be given 
of a case where the retrieval is started from the largest value 
(step S801 ) • 

Then, the slice level calculation unit 310 determines the 
amplitude, using the CRI amplitude evaluation value that is set 
in step S801 as a reference value, then calculates a slice level 
using the CRI signal C that is evaluated to have an amplitude of 
the character broadcast, and outputs reference slice level data 
S311a, upper slice level data S157a, and lower slice level data 
S157b (step S802) • 

When the CRI detection period expires and a framing code 
signal D is inputted, the data slicing unit 160 binarizes the 
framing code signal D using the respective slice level data which 
are calculated in step S802, and the decoding circuit 170 obtains 
the framing code. Then, when a text data signal E is inputted, 
the data slicing unit 160 binarizes the text data signal E using 
the respective slice level data which are calculated in step S802, 
and the decoding circuit 170 carries out a decoding process for 
the respective binarized data. The data selection unit 320 
selects decoded data including no decoding error, among the 
decoded data S170a to S170c, and outputs the selected data as final 
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decoded data S182 (step S803). 

When the final decoded data SI 82 includes a decoding error, 
the error detection circuit 321 outputs the error detection signal 
S3 2 lb, so that the error count circuit 331 counts errors on the 
basis of the error detection signal S3 2 lb, and outputs the error 
count data S331. The controller 332 holds the error count data 
S3 31 corresponding to the CRI amplitude evaluation value (optimum 
amplitude evaluation value S332) at that time (step S804). 

Then, the controller 332 binarizes and decodes the text data 
signal E during a predetermined time period that is defined in 
units of vertical sync signal, to determine whether the error count 
data S3 31 is obtained or not, and the operation returns to step 
S802 unless the processing has been performed during the 
predetermined time period (step S805). 

When it is determined in step S805 that the processing has 
been carried out during the predetermined time period, the 
controller 332 determines whether the present optimum amplitude 
evaluation value S332 is equal to a predetermined end value or 
not (step S806) . 

When the present optimum amplitude evaluation value S332 
is not equal to the end value, the controller 332 subtracts a 
predetermined step value from the present optimum amplitude 
evaluation value S332 . Then, the controller outputs this optimum 
amplitude evaluation value S332 to the amplitude evaluation 
circuit 312. The amplitude evaluation circuit 312 updates the CRI 
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amplitude evaluation value on the basis of the optimum amplitude 
evaluation value S332. Then^ the operation returns to step S802, 
and the slice level calculation is performed using the CRI signal 
C (step S807) . 

On the other hand, when the controller 332 has carried out 
the processing by subtracting the step value from the optimum 
amplitude evaluation value S332 up to the end value, the controller 
332 selects a CRI amplitude evaluation value that minimizes the 
number of errors on the basis of the relationship between the 
obtained respective CRI amplitude evaluation value and the number 
of errors (see figure 6), and outputs the selected CRI amplitude 
evaluation value to the amplitude evaluation circuit 312 as the 
optimum amplitude evaluation value S332. The amplitude 
evaluation circuit 312 updates the CRI amplitude evaluation value 
on the basis of the optimum amplitude evaluation value S3 32, and 
finishes the CRI amplitude evaluation value optimization process 
(step S808) • 

As described above, the data slicer 300 according to the 
third embodiment includes the amplitude evaluation circuit 312 
that determines whether the amplitude detection data S3 lib 
calculated by the average/amplitude calculation circuit 311 has 
the amplitude of the CRI signal C or not, on the basis of the held 
CRI amplitude evaluation values, and the average/amplitude 
calculation circuit 311 outputs the calculated average value as 
reference slice level data S3 11a and the calculated amplitude as 
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amplitude level data S3 lie, respectively, only when it is 
determined that the amplitude detection data S3 lib has the 
amplitude of the CRI signal. Therefore, even when noises of a 
cycle that is quite similar to that of the CRI signal C are 
erroneously detected as the CRI signal C, the reference slice level 
data S3 11a can be calculated with eliminating the average value 
calculated on the basis of the noises. 

The data slice according to the third embodiment further 
includes the slice level offset value calculation circuit 157 that 
calculates the upper slice level data S157a by adding the offset 
value calculated on the basis of the amplitude level data S311c 
to the reference slice level data S3 11a, and the lower slice level 
data S15 7b by subtracting the offset value from the reference slice 
level data S3 11a. Therefore, even in cases where the digital video 
signal S14 0 is distorted due to group delay or electric field 
strength in the transmission system, and binarized into an 
erroneous value when the binarization is performed using only the 
reference slice level data S311a, the digital video signal S140 
can be binarized into a correct value using one of the slice level 
data, whereby the occurrence rate of decoding errors can be further 
suppressed. 

The data slicer of the third embodiment further includes 
the error count circuit 331 that counts decoding errors included 
in the final decoded data S182, and the controller 332 that changes 
the CRI amplitude evaluation value on the basis of the number of 



-82- 



decoding errors. Therefore, even when the distortion of the 
digital video signal SI 40 varies, slice level data that are 
suitable for the signal shape can be calculated by updating the 
CRI amplitude evaluation value adaptively to the signal shape, 
thereby further suppressing the occurrence rate of decoding 
errors . 

In this third embodiment, when the error count data 
corresponding to each CRI amplitude evaluation value (optimum 
amplitude evaluation value S332) is obtained, the start value of 
the optimum amplitude evaluation value S332 is set at the maximum 
value, and then the step value is successively subtracted from 
the optimum amplitude evaluation value S332, thereby to obtain 
the error count data S3 31 corresponding to the optimum amplitude 
evaluation value. However, also when the start value of the 
optimum amplitude evaluation value S332 is set at the minimum value, 
and then a step value is successively added to the optimum amplitude 
evaluation value S332, thereby to obtain the error count data S331 
corresponding to the optimum amplitude evaluation value, the same 
effect as that in the third embodiment can be obtained. 
[Embodiment 4] 

A data slice according to a fourth embodiment of the present 
invention will be described with reference to the drawings. 

Figure 9 is a block diagram illustrating a construction of 
a data slicer 400 according to the fourth embodiment- In figure 
9, the same or corresponding elements as those in figure 5 are 
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denoted by the same reference numerals . 

As shown in figure 9, the data slicer 4 00 according to the 
fourth embodiment includes a decoding circuit 420 that outputs 
decoded data S420a to S420 as well as a decoded data detection 
period gate pulse S420d while extracted serial data S163a to S163c 
are decoded; and a maximum/minimum retrieval circuit 411 that 
retrieves the maximum and minimum values of a digital video signal 
S140 while a CRI detection range signal S312 or the decoded data 
detection period gate pulse S42 0d is inputted, and outputs maximum 
value retrieval data S411a and minimum value retrieval data S411b. 
The data slicer 400 further includes a slice level calculation 
circuit 410 that includes, in addition to the components of the 
slice level calculation circuit 310 of the third embodiment, a 
decoded data unit pulse generation circuit 412 that generates a 
decoded data unit pulse S412 at intervals of decoded data unit 
on the basis of an extraction pulse S162 that is generated by an 
extraction pulse generation circuit 162 and the decoded data 
detection period gate pulse S420d; and a pulse selection circuit 
413 that selects a frequency evaluation pulse S211a when the 
decoded data unit pulse S412 is not generated, while selecting 
the decoded data unit pulse S412 when the decoded data unit pulse 
S412 is generated, and outputs the selected pulse to an 
average/amplitude calculation circuit 311. 

Here, the decoded data unit pulse generation circuit 412 
counts the extraction pulse S162 during a period in which the 



decoded data detection period gate pulse S420d is inputted, and 
generates the decoded data unit pulse S412 at the intervals of 
decoded data unit. For example, when the decoded data is composed 
of 8 bits, the decoded data unit pulse generation circuit 412 counts 
the extraction pulse S162, and generates the decoded data unit 
pulse 84 12 at the intervals of 8bit, 

Next, the operation of the data slicer 400 that is configured 
as described above will be described. 

When an analog video signal SI 10 upon which character 
broadcast serial data are superimposed is inputted through a video 
signal input terminal 110, the A/D converter 120 converts the 
analog video signal into a digital signal, and outputs the digital 
video signal S120 to the CRT detection unit 130 and the LPF 140. 
Then, the LPF 140 eliminates noises from the digital video signal 
S120, and outputs a resultant digital video signal S140 to the 
slice level calculation unit 410 and the data slicing unit 160. 
The CRI detection unit 13 0 generates a CRI detection range signal 
S132 on the basis of a vertical sync signal S131a and a horizontal 
sync signal S13 lb which are separated from the digital video signal 
S120, and outputs the generated CRI detection range signal SI 32 
to the slice level calculation unit 410. 

When the digital video signal 140 and the CRI detection range 
signal S132 are inputted, the slice level calculation unit 410 
starts calculation of a slice level. The maximum/minimum 
retrieval circuit 411 retrieves the maximum and minimum values 
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of the digital video signal S140, and outputs maximum value 
retrieval data S411a and minimum value retrieval data S411b. The 
falling detection circuit 151 detects the first falling and the 
second falling of the digital video signal S140, and outputs 
falling detection pulses S151. As the frequency of the digital 
video signal S140, which is calculated on the basis of the falling 
detection pulses S151, is a frequency corresponding to a 
predetermined character broadcast system, the frequency 
evaluation circuit 153 outputs a frequency evaluation gate pulse 
S153 to the CRI evaluation circuit 211 . The CRI evaluation circuit 
211 generates a frequency evaluation pulse S211a on the basis of 
the frequency evaluation gate pulse S153 and the falling detection 
pulse S151/ and outputs the generated frequency evaluation pulse 
S211a to the pulse selection circuit 413. Since a decoded data 
unit pulse S412 is not inputted to the pulse selection circuit 
413 at this time, the pulse selection circuit 413 selects the 
frequency evaluation pulse S211a, and outputs the selected pulse 
to the maximum/minimum retrieval circuit 411 and the 
maximum/minimum detection circuit 213. 

The maximum/minimum detection circuit 213 samples the 
maximum value retrieval data S411a and the minimum value retrieval 
data S411b using the frequency evaluation pulse S211a as a load 
pulse, thereby to detect the maximum and minimum values of the 
digital video signal S140, and outputs maximum value detection 
data S213a and minimum value detection data S213b. Thereafter, 



-86- 



the maximum/minimum retrieval circuit 411 resets the retrieved 
data, and retrieves maximum and minimum values of the digital video 
signal S14 0 that is inputted during a new period. The 
average/ amplitude calculation circuit 311 calculates the 
amplitude of the digital video signal S140 on the basis of the 
maximum value detection data S213a and the minimum value detection 
data S213b, and outputs the calculated amplitude to the amplitude 
evaluation circuit 312 as the amplitude detection data S311b. 

As the amplitude detection data S3 lib has the amplitude of 
the CRT signal the amplitude evaluation circuit 312 outputs 
an amplitude evaluation gate pulse 8312. The CRI evaluation 
circuit 211 outputs the amplitude evaluation pulses 82 lib that 
are obtained by extracting pulses of the CRI signal C from the 
frequency evaluation pulses 82 11a in accordance with the amplitude 
evaluation gate pulse 8312, to the average/amplitude calculation 
circuit 311. 

When the amplitude evaluation pulse 8211b is inputted, the 
average/amplitude calculation circuit 311 calculates the 
amplitude and the average amplitude of the digital video signal 
8140 from the maximum value detection data 8213a and the minimum 
value detection data 82 13b, and outputs the calculated average 
amplitude to the data slicing unit 160 as reference slice level 
data 8311a, and the amplitude to the slice level offset value 
calculation circuit 157 as amplitude level data 8311c. The slice 
level offset value calculation circuit 157 calculates an offset 
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value from the amplitude level data S3 11c, and outputs upper slice 
level data SI 57a that is obtained by adding the offset value to 
the reference slice level data S3 11a and lower slice level data 
S157b that is obtained by subtracting the offset value from the 
reference slice level data S3 11a. 

When the falling detection circuit 151 detects the next 
falling of the CRI signal C and generates the falling detection 
pulse S151, the same processing is carried out using the generated 
falling detection pulse S151, and the average/amplitude 
calculation circuit 311 calculates the amplitude of the CRI signal 
and the average amplitude. Then, the average/amplitude 
calculation circuit 311 calculates the average value between the 
average amplitude of the CRI signal C and the previously- 
calculated reference slice level data, and updates the reference 
slice level data S3 11a on the basis of the calculated value. 
Similarly, the average/amplitude calculation circuit 311 
calculates the average value between the amplitude of the CRI 
signal C and the previously-calculated amplitude level data, and 
updates the amplitude level data S3 11c on the basis of the 
calculated value. The slice level offset value calculation 
circuit 157 calculates an offset value from the amplitude level 
data S3 11c, and outputs the upper slice level data S157a and the 
lower slice level data S157b which are obtained by providing the 
offset to the reference slice level data S311a. 

When the digital video signal S140 including a framing code 
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signal D is inputted to the data slicing unit 160, the binarization 
circuit 161 binarizes the digital video signal S140 using the upper 
slice level data S157a, the reference slice level data S311a, and 
the lower slice level data Sl57b, thereby generating binarized 
data S161a to S161c, respectively. The extraction pulse 
generation circuit 162 generates an extraction pulse S162, and 
outputs the extraction pulse S162 to the extraction circuit 163 
and the decoded data unit pulse generation circuit 412. The 
extraction circuit 163 extracts character broadcast serial data 
from the binarized data SI 61a to SI 61c in accordance with the 
extraction pulse S162, and outputs extracted serial data S163a 
to S163C. The decoding circuit 420 converts these extracted 
serial data S163a to S163c into parallel data, and detects the 
framing code. Further, the decoding circuit 4 20 outputs the 
decoded data detection period gate pulse S42 0d to the 
maximum/minimum retrieval circuit 411 and the decoded data unit 
pulse generation circuit 412 during a period in which the decoding 
process is carried out. 

When the decoded data detection period gate pulse S420d is 
inputted to the maximum/minimum retrieval circuit 411, the 
maximum/minimum retrieval circuit 411 retrieves the maximum and 
minimum values of the digital video signal S14 0, and outputs 
maximum value retrieval data S411a and minimum value retrieval 
data S411b. 

On the other hand, when the extraction pulse S162 and the 
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decoded data detection period gate pulse S4 2 0d are inputted to 
the decoded data unit pulse generation circuit 412, the decoded 
data unit pulse generation circuit 412 counts the extraction pulse 
SI 62, and outputs a decoded data unit pulse S412 at intervals of 
data unit. Then, the pulse selection circuit 413 selects the 
decoded data unit pulse S412, and outputs the selected pulse to 
the maximum/minimum detection circuit 213 and the maximum/minimum 
retrieval circuit 411. 

The maximum/minimum detection circuit 213 samples the 
maximum value retrieval data S411a and the minimum value retrieval 
data 84 lib using the decoded data unit pulse S412 as a load pulse, 
thereby to detect the maximum and minimum values of the digital 
video signal S140, and outputs maximum value detection data S213a 
and minimum value detection data 82 13b. Further, when the decoded 
data unit pulse 8412 is inputted to the maximum/minimum retrieval 
circuit 411, the maximum/minimum retrieval circuit 411 resets the 
retrieved data, and retrieves maximum and minimum values of the 
digital video signal 8140 in a new period. Then, the 
average/amplitude calculation circuit 311 outputs the average 
amplitude of the digital video signal 8140, which is calculated 
from the maximum value detection data 82 13a and the minimum value 
detection data 8213b, to the slice level offset value calculation 
circuit 157 and the data slicing unit 160 as reference slice level 
data 8311a, and the calculated amplitude to the slice level offset 
value calculation circuit 157 as amplitude level data 8311c. The 
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slice level offset value calculation circuit 157 calculates an 
offset value from the amplitude level data S3 11c, and outputs upper 
slice level data S157a that is obtained by adding the offset value 
to the reference slice level data S3 11a and lower slice level data 
S157b that is obtained by subtracting the offset value from the 
reference slice level data S311a. 

When the digital video signal S140 including a text data 
signal E is inputted to the data slicing unit 160, the binarization 
circuit 161 binarizes the digital video signal S140 using the upper 
slice level data S157a, the reference slice level data S3 11a, and 
the lower slice level data S157b, like in the case including the 
framing code signal D, thereby to generate binarized data S161a 
to SI 61c, respectively. Then, the extraction circuit 163 extracts 
character broadcast serial data from the binarized data Sl61a to 
S161C in accordance with the extraction pulse S162, and outputs 
extracted serial data S163a to S163c. The decoding circuit 420 
converts the extracted serial data Sl63a to S163c into parallel 
data, then performs a decoding process according to the type of 
the character broadcast indicated by the framing code, and outputs 
decoded data S420a to S420c. The decoding circuit 420 further 
outputs the decoded data detection period gate pulse S42 0d to the 
maximum/minimum retrieval circuit 411 and the decoded data unit 
pulse generation circuit 412 during a period in which the decoding 
process is carried out. Then, the decoded data selection circuit 
182 selects decoded data including no decoding error from among 
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the decoded data S420a to S420c in accordance with the decoded 
data selection signal S321a, and outputs the selected data as final 
decoded data S182. When detecting an error in the final decoded 
data S182, the error detection circuit 321 outputs an error 
detection signal S321b to the error count circuit 331. The 
controller 332 detects an optimum CRI amplitude evaluation value 
on the basis of error count data S3 31 that is obtained by counting 
decoding errors in accordance with the error detection signal 
S321b, and outputs the optimum amplitude evaluation value S332 
to the slice level calculation unit 410. Then, the amplitude 
evaluation circuit 312 updates the CRI amplitude evaluation value 
in accordance with the optimum amplitude evaluation value S332. 

On the other hand, when the decoded data detection period 
gate pulse S4 2 0d is inputted to the maximum/minimum retrieval 
circuit 411, the maximum/minimum retrieval circuit 411 retrieves 
the maximum and minimum values of the digital video signal S140 
including the text data signal E, and outputs maximum value 
retrieval data S411a and minimum value retrieval data S411b. 
Further, the pulse selection circuit 413 selects the decoded data 
unit pulse S412 that is outputted from the decoded data unit pulse 
generation circuit 412, and outputs the selected pulse S412 to 
the maximum/minimum detection circuit 213 and the maximum /minimum 
retrieval circuit 411. The maximum/minimum detection circuit 213 
samples the maximum value retrieval data S411a and the minimum 
value retrieval data S411b using the decoded data unit pulse S412 
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as a load pulse ^ and outputs maximum value detection data S213a 
and minimum value detection data S213b. The maximum/minimum 
retrieval circuit 411 resets the retrieved data in accordance with 
the decoded data unit pulse , and retrieves maximum and minimum 
values of the digital video signal S140 in a new period. The 
average /amplitude calculation circuit 311 calculates reference 
slice level data S3 11a and amplitude level data S3 11c on the basis 
of the maximum value detection data S213a and the minimum value 
detection data S213b- The slice level offset value calculation 
circuit 157 calculates upper slice level data S157a and lower slice 
level data S157b on the basis of an offset value that is calculated 
on the basis of the amplitude level data S3 11c. 

Then, the binarization circuit 161 binarizes the digital 
video signal S140 using the reference slice level data S3 11a, the 
upper slice level data S157a, and the lower slice level data S157b 
which are set on the basis of the digital video signal S140 
including the text data signal E, thereby to generate binarized 
data S161a to S161c, respectively. The extraction circuit 163 
extracts character broadcast serial data from the binarized data 
S161a to S161c, and then the decoding circuit 420 performs a 
decoding process for extracted serial data S163a to SI 63c which 
are outputted from the extraction circuit 163 and outputs decoded 
data S420a to S420c. Then, the decoded data selection circuit 182 
selects decoded data including no decoding error from among the 
decoded data S420a to 542 Oc in accordance with the decoded data 



selection signal S321a, and outputs the selected data as final 
decoded data S182, When detecting an error in the final decoded 
data SI 82, the error detection circuit 321 outputs an error 
detection signal S321b to the error count circuit 331 • The 
controller 332 detects an optimum CRI amplitude evaluation value 
on the basis of the error count data S331 that is obtained by 
counting decoding errors by the error count circuit 331, and 
outputs an optimum amplitude evaluation value S332 to the slice 
level calculation unit 410. Then, the amplitude evaluation 
circuit 312 updates the CRI amplitude evaluation value in 
accordance with the optimum amplitude evaluation value S332. 

As described above, according to the data slicer 400 of the 
fourth embodiment, the maximum /minimum retrieval circuit 411 
retrieves not only the maximum and minimum values of the CRI signal 
C, but also the maximum and minimum values of the framing code 
signal D and the text data signal E, thereby to perform the slice 
level calculation not only using the CRI signal C but also using 
the framing code signal D and the text data signal £• Therefore, 
even when the shapes of signals after the CRI signal would change, 
slice level data corresponding to the respective signal shapes 
can be calculated, thereby further suppressing the occurrence rate 
of decoding errors . 



